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Ir J. a ( iinous nil uiU’itiriiK (’ Ihiit the cMkulalion ol 
uIhmI. It>i tha t Hit ilk; u( diffHU'Ht [)it( lu‘s ol IhitNid oti 
a lalhr, houevrj sitnpir siu'h *i t iikuLilK^^ may 1 k‘, is 
i«)inpaiatiV(d\ f)iit tilth' Known, luihu’, itn’ the tniijoiity ol 
thosi. ni«>st Hi^snly ititetfsttul in the subjeai, slnoiuletl ni 
m>,sU*t V 

Many whoM* ihnoK'Utal knowlrth^t' is sulliitcnl 

to nnabh tluan lu (acn llu‘ j)robI<*ui, h*iv(' had so liUh* 
piactaal <'\iH*uonre in scunv "Cutting th.il they iin* luniblc 
lo go ikoply into \lw inattng anti pussenl, in d cksu an<l 
simple nnuHU‘g llu' dihoteiii variations which may jiossibly 
oecm. 

'riuMpiiitoi mnulun ol inorhanics, even tht' youn;»ct onus, 
pn ,sc,ss luo slight a tlnsaalittil Kn(nvle<lgt‘ to permit ol llum 
Innldnn; up a s)’sttan by themselves* 

iheu ate, ot ttniise, meihaniCh who are qml<‘ capable 
oi utnkmp. tnil the lun’csssaiy ralculation, but so many of 
them I speak bom peisonal experimicc regard their 
knowksi|»e as nune or less ol a st‘creb tm<l •‘^ay, at any rale 
to tluanselves, Why should 1 impart to others what has 
tdkvn me so mneh trouble and cost me .so much money 
lo learn i 

The pm pose ol the [wesent treatise is to enable any 
one, who is jnepared tii take tin* tr<nil>!e to study it carefully 
lo learn how to idU ulaie change^ wheels piupeily* 
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I have deemed it expedient, foi I lie sake uf tluihi: id 
my readers who have but a siipeiiicial knowk'd^p' ui the 
lathe, to give a shoit desciiptioii of this in so lai as it 
is connected with scicw-ciitting, to which I have atUled a 
descuption of the vaiious types of thiead to be met with, 
with the necessaiy tables appended, as also a munlKU td 
piactical hints, with lefcience to scicw-cuiting, ttJgclher with 
the operations connected theiewith. 

I have puiposely refiained fiom indtuling a ninnlna o| 
tables giving the change-wheels reipuied for tlu^ vaiiou^ 
pitches of till cads on different lathes, in phiec of whidt a 
large numbci of piactical examples aic given whidi covei 
eveiy possible variation likely to he met with in practical 
work. Expeiicnce has taught me that the indusion o| such 
tables only leads to purely mcdianical work demantlin|* 
no effort of the mind, whereas, in each particulai case, dm 
consideration should be given to the special work in luml, 
so that in cases of exceptional difficulty, where one m oldiged 
to set to woik without the assistance of sudi tatdes, tlie 
manner of calculation may not be unfamiliar. 

It is my earnest wish that the present work may prove 
useful not only to students, but also to those engaged in 
practical work 
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FOR SCREW-CUTTING ON LATHES 


CHAPTER I 

THK LATHE* 

THRiCAr)S, both internal and external, can be obtained in two 
diffeicnt ways, the simplest of which is to cut the thread by 
means of taps, dies and chascis. In the smaller si2:es, the 
majority of internal threads aie tapped, whilst external threads 
arc cut with dies, but in the larger sizes loo much material has 
to be removed* Tapping, however, is far moie general than the 
use of dies, as m most cases, external tin cads can be obtained 
m anothei way, viz* : on the lathe, whilst internal threads 
can only he ohtamccl on the lathe at considerable expense* 
M 01 cover, inleinal threads are to be found in a number of 
different places on the largei machine parts, and so it would 
be welhiiigh impossible to put these pieces on the lathe foi 
the puiposc of cutting the threads. On the othei hand, a 
bolt oi .screw-spintlle, as a rule, can be set on the lathe, and 
thica<ls may be cut by means of a common tool. It is just 
for this reason that, whilst a large number of x in. external 
thieads arc cut on the lathe, i in. threads in holes aic, with 
but few exceptions, cut exclusively by tapping* The practice, 
however, of cutting intcinal threads of more than 2 in. 
diameler on the lathe, whenever the work-piece allows it, is 
becoming more and more general 

The object of the present work Is to give a detailed 
description of the way in which it is possible to cut the various 

B 
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thieads on the lathe, and thus to answer, as fully as possible, 
the question How are the change- wheels to be calculated 
foi screw-cutting on the lathe ? ” 

In order that this woik may also be of service to those who 
are not fully conversant with the lathe, the following points 
will be treated successively, viz the gcneial consliuction of 
the lathe, moie especially of those paits of the lathe used in 
screw-cuttmg , the theory oi the calculation of change- wheels 
and screw-cutting in practice 



Fig. I 

The lathe, as originally constructed, was not intended foi 
sciew-cutting Fig i shows a lathe as it was fiist constructed. 
On this lathe a rotary movement was imparted by means of 
a driving belt to the headstock and workpiece only, all other 
movements being executed by the operator himself, 

Within a compaiatively short time, however, more was 
demanded of this machine, larger pieces were required to be 
machined than was posable with direct belt drive, and the 
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tlouhlc back f^cai was iiiIhhIucccI , it was desiiec! to move the 
fool oil the iniitcnial autom<LtiCiLlly, and to obtiUa this, the 
u'st was nioanted on a c.irrauy' and niovetl by means of a 
le.idscrew which motion was nnpaitod by means of cithei 
a belt or a liam of goats fiom the headstock. The intio- 
duction of a train of geais on the apum made tt jKxssible 
not only to nnwe the cairiagc ovei the whole length of the 
bed foi sliding, but also to move the rest automatically 
in a tiauhverse duection over the cauiage itself An siu facing. 



Kiu, 2. 

Finally, the leadscrew spindle, called for short the “ Icadscicvv,” 
was so arranged that by a set of gears of various diameters, 
a variable, but at the same time (oi each train of gears 
fi 3 cecl ratio between the number of revolutions of the hcad« 
stock, le* the workt^iece, and the leadscrew was obtainable, 
thus making it passible to cut different pitches of threads on 
the lathe. Fig, 2 gives the general arrangement of such a 
Intha 
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The leadscrcw revolves in the leatlsen^w-ntU, which is 
fixed to the apion, and, as this nut cannot revolves it traveds 
along the leadscrcw, the cauiage at tin* same tinu* mahne^ a 
coi responding movement 

The movement of the cauiage <ilic*uiy causes a constdeiahle 
piessmc on the thread of the leadsciew and the nut, width 
IS still incieased by the cutting of the lot d on the matenal, 
and, as a natural lesult, both the leads< uuv and the nut aie 
exposed to a ceitain amount ol wear, Ihis weai is ttniher 
met eased by swaif and chips falling on the ksulserew, tind tlunr 
getting between the nut and thiead. 

It is evident, as far as the IcaiKcu'w is t onceuu'd, that 
this wear will only affect that poition ovei which the mil 
travels on the Ihicad. As the woik on the iatlic vaiies m 
length (but IS as a III Ic consideraldy shoitci than the uiaxitnnin 
distance between the centios), the wear of the thie.td is 
gicatest on those parts of the le.idscicw whcie tin; iiiit uiuves, 
and after being in use foi a certain time, it is iinptissible ii» 
pievcnt the leadsciew being scarcely worn at all at tlu' eiut 
but considerably woi n in the centre, and worn must of all 
close to the hcadstock. The wear of the nut, however, is 
fairly even. 

The nut was foimeily made .solid, consequently it was 
impossible to icpair the wear. It was soon seen, however, 
that it was piefeiablc to have half nuts, .so that not only can 
It now be repaired, but, by mcan.s ol the lever a (h'ig, 2}, it 
can also be opened and closed, 

This has led to the atlainmciit oi a number of advantaj’cs 
First and foicmost, the possibility of rcpairiiqj the nut /ust 
referred to A downward pres-sure of the level a keeps both 
halves of the nut closed so as to grip the leati-.screw. 'flu* 
two halves of the nut bb move in a vertical direction at tlie 
back of the piece c, and are provided with pins whit.h fit in 
cccentiic .slots in the ciicular plate which revolvc.s on point r. 
Fig. 3 shows these cccentiic groove.s in the plate. If the pins 
of the half nuts aic .shifted by moving the levm tin- half 
nuts travel the double di.stancc A B (Fig. 3), vi?.. : the upper 
nut up and the lower one down, the half tuita being thu-s 
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entirely disengaged from the thiead, causing the motion 
imparted to the carnage by the leadscrew to cease im- 
mediately. 

In the eailier types of consti uction, with the solid nut, the 
caiiiage had to be moved by hand by means of a handle 
placed on a spindle in the apron, with a bevel gear on the 
other side of the spindle to which this handle was attached , 
this in its turn meshed with anothei bevel geai fixed on the 
hub of the nut. In this way the 
nut was made to 1 evolve ovei the 
Icadsciew and the cairiage was 
moved over the bed. But it took 
far too long to move the cairiage 
any distance at all ovei the bed, 
besides being very fatiguing work 
The nut, being in halves, can no 
longei revolve, but it can be 
opened. A lack is to be found on 
the bide of the bed in which a 
pinion meshes to which motion is 
impaited by the hand wheel h 
(Fig, 2), by means of which the 
cauiage can be quickly disengaged 
fiom the leadsciew, and a quick 
and easy hand movement is secured. 

Other advantages besides those 
cnumciated here have been denved 
from the split nut One gieat 
difficulty, however, still remains, 
viz., the dififeient weai on a ceitain length of the leadscrew If 
this happens to bo more worn in the middle than at the ends, 
it is impossible to cut a true thicad. 

Now, in comparison to the work oidinatily pei formed on 
a lathe, but little screw-cutting is done. The greater part of 
the time the leadscrew is thus engaged foi the feed motion of 
the carriage and for surfacing. For this reason, the movement 
imparted to the carnage for scrcw-cuUuig, has been separated 
from that for feed motion, A separate shaft, provided with a 


I 
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Fig 3. 
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key way, impaits motion to the pinion which meshes with the 
lack {Fig 4), by means of bevel and spui-geais The sliding 
movement of the caniage being accomplished in this mannei, 
the Icadscrew is only used foi screw-cutting In still latei,and 
principally Ameiican const! uctions, the two shafts have finally 
been united in one, the leadscrew being now piovided with a 
keyway , for sliding and sui facing the leadscicw simply acts 
as driving shaft, the thread of the leadscrew being only used 
foi scicw-cutting, and so the same object is attained with one 
shaft as is obtained in Fig 4 with two, viz., the thiead of the 
leadsciew is used for sciew-cutting only 



Fig. 5 

In Fig, 2 the gearing for the motion of the leadscicw from 
the head spindle is cleaily visible. Wheel x is keyed to the 
head spindle ; icar wheels 2 and 3 lun loose on studs fastened 
to the level 4 By means of knob 8, this lever can be laised 
to hole 5 or lowcied to hole 6. If the lever is placed in 
position 5, wheels 3 and i become engaged, and wheel 10 on 
spindle 7 revolves by means of wheel 9. Wheel 2 now ums 
to no pin pose. If the lever is placed in position 6, wheels 
2 and I become engaged, and wheel 3 is brought into play by 
means of wheel 2, thus causing wheel 3, as well as wheel 9 and 
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spindle 7 to rotate in an opposite direction In llie illustta- 
tion the level stands midway, so that wheel i ein^ai^es neiilna 
of the wheels 2 or 3, consequently, although th(‘ lathe spindle 
lotates, the leadsciew is not lot.itin^ Wheels i, 2, 3 and <j 
have the same numbei of teeth, so that the wheels on spindle 7 
make precisely the same numbei of levoliitions as the latlu* 
spindle. Wheels 10, 1 1, 12 and 13 aie the actual chaiigc-wlu'cls, 
and can be easily mounted, dismounted, 01 chan[»cd WIuu'ls 
II and 12 rotate on a sleeve on spindle 14, <ind constituent ly 
make the same number of icvolutions, so that wheel 12 
transmits veiy slowly to wheel 13 the motion impaited to 
wheel II In the illustiation the i^eaiing between wheel 9 to 
the leadscrew is accomplished by 4 wheels — wheels 10 and 12 
being the driving wheels, ii and 13 those cliiven It is evi- 
dent that the motion of wheel 9 on spindle 7 us nnpailed 
but veiy slowly to the leadsciew, in the same latio as the 










Fig. 6. 


product of the number of teeth on wheels lo and 12 to tlie 
number of teeth on n and 13 Precisely the .same is to be 
seen in Fig 4. Wheel 13 can, howevci, be diiven by inean.s 
of a wheel engaging both wheels 10 and 13, without the 
mteimediate wheels ii and 12, thus seiving as an idle wlici>l, 
m which case wheel 10 is the chiving wheel and 13 tlu' 
one driven The latio between the numbei of icvolutions ol 
the lathe-spindle and leadsciew is identical with the latio 
between the numbei of teeth on wheels 10 and 13. 

Wheels ii and 12 are mounted on a sleeve iiinnitit' on 
stud 14 (See Fig. 6) 

This stud must be movable m accoitlancc with the 
dimensions of the wheels, and is consccjuentl)’ placed in a 
casting called the sheai oi swingplate at the end of the lathe. 
This shear (Fig. 7), has two long slots, so that the .stiul cm 
eithei be brought close to the leadsciew B, for small wheels. 
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or moic to the leai foi laigei wheels, at will In orclci to pci- 
mit of working with five or six wheels, <i second slot is to be 
found m the sheai I his shcai turns on the leadscrew B, 
and IS held in position by means of the two bolts to be seen 
in the cucular slots When the intci mediate wheels have been 
accuiately set in the wheel on the leadscrew, the shcai, which 
was first loweied to its full extent, is laiscd till the iiitci- 
mediate wheel engages the uppei wheel piopcily, aftci which 
the shear is fastened. 

Fig. 5 shows an Ameiican type of lathe, on which it is 
not neccssaiy to change the wheels for diffeient pitches of 



Ihicads By means of a conc-geai to be found under the 
headbtock and at the left-hand side of same, the latio of speed 
between the lathe-spindle and the Icadsciew can be varied 
by the simple movement of a lever. The necessity of calcu- 
lating the change-wheels is done away with, all that is icquiicd 
being the placing of two levels in a ceitain position indicated 
in the table. The manner in which this result is attained will 
be further described in Chapt<M IIL 

^ ^ n ^ t r 
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CHAPTER 11 

THE CALCULATION OF Cl I AN(Ul-VV HEELS 
(^ 3 :) Systemic 

In the calculation of change-wheels foi scicw-tulling on the 
lathe there is one difficulty, and that is, the diifeicncc between 
the English and metric system of measiucmeiiLs. U is not 
insurmountable, but it does not icndei the task any casiei, 
and has been the cause of a consideiable amount of tioulile. 

In the calculation of change-wheels it is <i inattci of in- 
difference whether a light - 01 left-handed scicw is to be cut, 
what form the thiead has to take, whethei the tlueiid is 
internal oi external, oi, finally, the exact niteinal oi external 
diameter of the thread The one essential question to be 
answered is How many thi cads aic icquiied foi a ceitain 
unit of length ^ 

For this puipose two units exist , ist, the inch ; 2nd, the 
centimetre 

Foi both these units of length the nuinbei of lovolutioiis 
of the thread are tcimed “numbci of thioads.” 

The length of a single thread is spoken of as “ jiitch.’’ 

The mmiber of threadi. is thus determined by the numhef of 
revolutions per unit of length 

If the pitch is indicated with the inch .us the unit of length, 
we speak of » English thiead.” If the pitch is indicated with 
the centimetre as unit of length, it is called a ■' uictnc thiead.” 
Eoth, however, have a system, which rs further treated of in 
Chapter III , but which, as such, has nothing at all to do with 
the calculation of the change-wheels. , 

If but one of these two units, cither the inch or the centi- 
mjie were exclusively adopted as the standaid unit, then the 
ifSculty refeired to at the beginning of this chaplci would 
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entirely disappeai. But the inch and the ccntimctie aie em- 
ployed together , and not only that, but theie is also a lack of 
unifoimity with legaid to the Icadscrcw, one makei cutting 
the Icadscrew according to the English, and another accord- 
ing to the metric system. English and American lathes 
usually have a leadsciew cut accoidmg to the English system , 
Ficnch and Swiss makers cut it almost exclusively accoidmg 
to the metiic system, whilst Geinian manufactiueis employ 
both systems, though the pieference is given to the English. 

Foui variations aic thus possible . — 

I. A metric thread to be cut on a lathe with metiic 
leadscrew 

; 2. An English thiead to be cut on a lathe with 
English leadsciew 

3. An English thread to be cut on a lathe with 
metiic leadsciew 

4 A metric thiead to be cut on a lathe with English 
leadsciew 

Biiefly summarized 

To cut I. Metiic on metiic 

2 English on English 

3 English on metric 

4, Metric on English. 

If one desues, once and for all, to be able to calculate 
the change-wheels loi cveiy vancty of pitch, it is impeiative 
to know these four varieties thoioughly, as they can occur 
intermingled. 

/st rixiooi, — 'The number of threads ts to be determined by 
the piUh of the leadscrew and the lalio of the number of revo- 
lutions of the lathe spindle to that of the leadscrew 

Phis axiom holds good for all four cases. 

The ratio of the number of revolutions of the lathc-sjiindle 
to that of the Icad-screw is obtained by means of wheels 
(change-wheels) 

When the spindle of the lathe has completed one revolu- 
tion, then the woik on the lathe will h<ivc also completed 
one revolution. 
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If the number of i evolutions of the lcithC“Spindle <uul leach 
bciew aie the same, so that the leadscicw li<is also completed 
one rcvoiution, then the cauia^c has moved <i distance^ duiin ‘4 
this one i evolution ec|uivalcnt to one thicad of the leadscicw 
If a tool has been placed in the toolholdei, so tlnit it can cut 
the woik-piecc, then piecisely the ^ame pitch will have been 
cut on the woik-picce as that on the leadscicw. With <in 
equal number of revolutions of the lathe-spindle and tlie lead- 
screw, the thicad cut on the work-piece will h<ive the same 
pitch as the leadscicw 

If the lathe-spindlc has completed one full i evolution, 
but the leadscicw on the other hand only h<df a i evolution, 
then the cairiage, and with it the tool, will have moved in a 
straight line ovei a length equal to half a pitch of the 
leadscicw It is thus only when the lathe-spmdle has 
made two i evolutions that the leadscrew will have completed 
one full levolution, two threads aic now to be found 
on the work-piece over a length ecpial to one pitch of the 
leadscrew. The ratio of the numbei of i evolutions of the 
spindle to that of the leadscrew was 2 * i , the latio of the 
number of thieads per unit of length of the woik-piece to 
that of the leadscrew was also 2 i, Hence it follows — 

2 nd Axiom. — The ratio of the nninher of i evolutions of the 
lathe-spmdle to that of the leadscrew ts the same as the pro- 
portion of the pitch of the thread to be cut to that oj the lead- 
i>crew 

Axiom 2 is also applicable to all foui cases. 

Foi example, the leadscrew of a lathe has a pitch of one 
thread to the inch It is lequiied to cut two threads to the 
inch. The piopoition of the pitch to be cut to that of the 
leadscrew is thus 2 i Accoiding to axiom 2 tlic ratio 
of the number of revolutions of the lathc-spindic to that of 
the leadscrew must also be 2 * i 

The leadscrew has thus to complete one i evolution to 
two of the lathe-spmdle. The leadscrew icceivcs its motion 
fiom the lathe-spmdle, so that the rotation of the leadscicw 
must be letarded accoidmgly. The lotation of the lathe- 
spindle IS transmitted to the leadscicw by wheels. The pro- 
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portion of the numbei of teeth on wheel lo (see Fig. 2), to 
those on wheel 13 on the leadscrew must thus be in inveise 
piopoition to the 1 atto between the number of revolutions of 
the lathc-spincUe and the leadscrew, which, in the example 
given, must be 2 1 , the latio of the wheels 10 and 13 thus 

becomes i 2. If then a wheel with 50 teeth be on the 
sleeve of spindle 7, and one with loO teeth on the Icadsciew, 
with any desited idle wheel, a sciew of 2 thieads to the inch 
or ^-inch pitch will be obtained on the work-piece with a 
Icadsciew having onc-mch pitch. From this we ainve at 
what IS again applicable to all foui cases — 

jrd A xzem — The proportiozi of the number of the threads to 
he cut to those ut the Icadscrevo is in zmierse 7 atto to the pro- 
portion of the number of teeth on the wheel on the lathe-spmdle 
to the number of teeth on the wheel of the lead-screio, 01 in 
fi actional fonn — 

Number of thieads to be cut _ 

Numbei of thieads in the leadscrew 

No. of teeth on the leadscrew wheel 
No. of teeth on the lathe-spindle wheel 

In this manner the calculation of the change-wheels foi 
sciew-cutting is 1 educed to the woiking out of a simple 
fi action — the number of threads to be cut being the 
numerator, those in the Icadsciew being the denominator, or, 
if it IS dcsiied lo expicss the fraction in the same manner as 
the wheels, 1 c. the numbei of teeth on the iathc-spiiidle wheel 
on top as numeratoi, that of the Icadsciew underneath as 
denominatm, it is just the rcvcisc. The number of threads 
in the leadscrew will then rcpicscnt the value of the 
numerator, those of the thread to be cut lepicscnting the 
denominator As the pitch of the leadscrew on a ccitar 
lathe IS always the same, it follows that the value of 
numeratoi is always constant. 

Wc must here call especial attention to a misundcrsta 
which so often occurs in connection with the question 
whether the number of threads in the leadscrew must 
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the numeratoi or the denoimnatoi A. prcictico.! tiicin co,n 
generally tell fairly well which wheels have to be placed on 
top and which underneath, but still, when the pitch of the 
thiead to be cut closely appioximates that of the Icadscicw, 
mistakes can sometimes be made 

The screw may be denoted by the numbci of thicads pci 
unit of length, in which case the numbei of thicads in the 
leadscrew is the numerator of the fi action 

The screw may also be denoted by the length of one pitch 
of the screw , m this case the length of pitch of the scicw to 
be cut will be the numeiatoi, the length of pitch of the lead- 
screw being the denominator of the fi action, the numeiatoi of 
which will indicate the numbei of teeth on the lathe-spindle 
wheel, the denominator indicating the number of teeth of the 
wheel on the leadsciew 

Should the numbei of thicads of the sciew to be cut be a 
multiple of those in the leadscrew, one is naturally inclined to 
express it in number of thieads per unit , foi example, 4 
threads per inch to be cut on a lathe with a leadscrew of 
I thread per inch , should it not be a multiple, as for 
example, each thread having a length of 7 mm., one is then 
inclined to denote it by the pitch. If, in both instances, the 
number of threads in the leadsciew be r pci inch, the fi action 
in the first instance will be — 

Number of thieads in the leadscrew _ 1 _ chiving wheel 

Number of threads to be cut '^vheel to be diiven 


In the second instance, in which the pitch of the screw to 
be cut must be 7 mm., the number of the threads to be cut 

per unit IS itself a fraction, viz the fraction thus being 

= 7 being the length in mm. of the pitch of the 

4 4 


7 

screw to be cut, 25 4 the length in mm. of the pitch of the 
lead-screw, so that, in this case, the length of pitch of the 
screw to be cut can at once be fllacecl in the numeiator foi 
the driving wheel, the length of pitch of the leadscrew being 
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placed in the denominatoi foi the wheel to be diiven In 
actual calculation the foicgoing examples must be carefully 
distinguished one fiom the othei 


if) What Change-wheeh aic to be found on a Lathe 

This question piescnts itself each time change-wheels have 
to be calculated, because the fi action which is formed by the 
thiead to be cut and the leadsciew, must be changed into one 
foimed fiom the wheels to be found on the lathe These 
wheels should have such a number of teeth as will, within 
ccitain limits, include the indivisible factors, viz 2, 3, 5, 7, 
II, 13, 17, 19, 23, etc Some makcis supply these wheels in 
a piogicssion of 5, othei s with another piogrcssion. The 
following set of change- wheels is, or should be piovided with 
cveiy lathe, viz — 


■ 5 = 3x5 

60 = 2x2x3x5 

20 = 2 X 2 X 5 

65 = 5 X 13 

25 = 5 X 5 

75 = 3 X 5 X 5 

30 = 2 X 3 X 5 

85 = 5 X 17 

35 = 5 X 7 

95 = 5 X 19 

40 = 2 X 2 X 2 X 

5 100 = 2 X 2 X 5 X 5 

45 = 3 X 3 X 5 

los = 3 X 5 X 7 

50 = 2 X 5 X 5 

n 5 = 5 X 23 

55 = 5 X II 

125 = 5 X 5 X 5 


ot 

lO = 2 X 2 X 2 X 

2 42 = 2x3X7 

18 = 2 X 3 X 3 

44 = 4 X 11 

20 = 2 X 2 X 5 

56 = 2x2x2x7 

21 = 3 X 7 

60=2x2x3x5 

22 = 2 X II 

66 = 2 X 3 X 1 1 

26 = 2 X 13 

78 = 2 X 3 X 13 

28 = 2 X 2 X 7 

88 = 2x2x2x11 

34 = 2 X 17 

96 = 2x2x2x2x2x3 

38 = 2 X 19 

108 = 2x2x3x3x3 


One of the two foiegoing sets is gencially provided with 
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the lathe English lathes usually have a set of 2 2 wheels 
some of which have the same number of teeth 

It will be clear from what has been said, thus far, that 
the easiest thiead to be cut on a lathe, i e the thread causing 
the least tiouble in the calculation of the change-wheels, is 
that having the same system as the leadsciew This will be 
the case with the ist and 2nd cases refcired to on page ii 


(c) The Cutting of Metric Threads on a Lathe with Metric 

Leads crew 

Take the case of a lathe with a leadscrew having i cm. 
(lo mm ) pitch. 

It is requiied to cut 4 thieads per cm. 

No of teeth on driving wheel __ No of thieads in the Icadsuew 
No of teeth on wheel to be driven ~ No, of thieads to be cut 

= I = ^ = gear-wheel 10 1 ^ 

4 100 = geai -wheel on lead -screw J 

It IS required to cut 7 thieads per cm. 

No of thieads in the leadscrew _ i _ 15 = driving wheel. 

No of threads to be cut 7 105 = wheel to be diiven 

To cut thread per cm. 

No of threads m th^ leadscrew ^ ]_ _ 50 60 = duvmg wheel. 

“""No of threads to be cut 15 75 90 = wheel tobeduven. 

To cut 3 threads per cm 

No of threads in the leadsciew _ i _ 30 = driving wheel 
No of threads to be cut 3 90 = wlieel to be driven 

To cut 3 threads pei cm. 

No of threads m t he le adscrew _ i ^ = driving wheel. 

No of thieads to be cut 5 125 = wheel to be duven. 

In the last example it is also possible to say, a pitch of 
2 mm , m which case the fraction will be * — 

Pitch m mm to be cut _ ^ = duvmg wheel 

Pitch m mm of leadscrew xo 125 =: wheel to be driven. 

In both cases the result will natuially be the same. 
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To cut a pitch of 7 mm 

Pitch 111 mm to be cut — 7 — 7 ^ — (liivmg wheel 
Pitch in mm of leadseicw lo roo = wheel to he tliiven 

To cut «i pitch of mm 

Pitch m mm to be cut 5 5 _ S 5 = diivim; wheel 
Pitcli in mtn oi leidseiew lo loo -- wluel to bt duveii 

To cut 7 threads pei 22 mm 

22 

IDcnotcd in pitch = a pitch of mm 

Pitch m mm to be uit “V- _ ^2 — dnvmir wheel 

Pitch m mm ol leadsiiew lo 70 r- wheel to be diiven 

/a 





Fub 8 Fiti. <> 


So fai it has always Ijicen possible lo work with a single 
tiam of wheels with any desued idle wheel log. <S shows a 
single tram. 

c 
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In the set of wheels to be found o!i the Lithe, wheels with 
cithei 22 or 70 teeth, as picsumcd weie einploytHl foi the 
pi eccding" examples, vvcic not included A eompound tiiun 
is now used. 

22 _2Xii _ 20x5s tlnviHL^ wheels 
Yo "”7x10 35X TOO wheels lo be duveii 

Fig 9 shows this comjiound tiain 

a and h arc the drivers^ c and d those d) ive^i I he 
up of the wheels will thus be 

5 S X 20 
100 X 3S’ 

The wheels m the niuneiatoi, as well .is those hi the 
dcnominatoi, can be inlcrchani^cd , (X may thus Ih‘ pul in 
place of 01 c in pLicc of d^ or both may 1 )e chan|,p'd , but 
interchanging of a diivei willi one to be diiven may nc\'ei 
take place, as this would altci the value' of the fraction and 
an entirely duBferent thicad would be obtained. 

It IS always advisable to tiy lo gel the small<‘sl of the 
drivers on the lalhe-spindle, and the hugest to be driven on 
the leadscrew, m oidci to obtain as laiional a geaiing as 
possible. 

To cut 1 1 threads pci 14 mm 1 he pitch is thus nun. 

Pitch on leadsciew 10 mm. 

Solution* , 

ro u X to n X lu 55x100 

To cut thread pci 40 mm. The pitch is thus 40/3^5 
mm. 

Solution 40 / 3 - 5 ^ ^ 4X lO ^ 20X iou_ 

10 3'Sxio 5x7 St>X35 

To cut /\ till cads on 15 mm The pitch is thus 15/4 nun. 

Solution iS/ 4 = 15 ^ 3 X 5 ^.10x50 _ 

10 X 10 4 X 10 40 X 100 

Should the lathe have anolhor pilch than i cm., ihi.s will 
only necessitate a change in the con.slant of the leadscrew in 
the fi action. 
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The following aic a few examples with solutions, dealing 
with diffeicnt Icadscicws • — 

To cut 9 thieads pei 16 mm , leadsciew 2 threads per 
I cm The pitch of the thiead to be cut in 16/9 mm 
The pitch of the leadsciew is 5 mm. 


0 1 . 16/9 2XcS 20x40 . 

Solution — = == ^ = m case these wheels 

5 9x5 45x50 


arc too small 


20x80 
45 X 100 


To cut a pitch of 3 mm. Pitch of leadsciew being 7 5 mm. 


Solution 


3 _30 
7’5 75 


To cut 8 threads pci 13 mm Pitch of Icadscrcw, 7- 5 mm 


Solution 


13/8 13 _ 2 X 6 5 20 X 65 

"^<8X7 5 8 X 7 * 5 80 X 75 


In both the foicgomg examples, a wheel with 75 teeth 
appeals among the wheels dilvcn, but is not included in the 
specification given on page 15. With a leadsciew having a 
pitch of 7*5 mm. a wlicel with 75 teeth will lepcatcdly 
occui , m such a case the manufactuici will be certain to 
supply a wheel with 75 teeth. 

To cut a pitch ol 20 mm Leadscrew pitch 25 mm 


Solution 


20 _ 100 
25 "" 125 ‘ 


To cut 3 threads per 20 mm. Leadsciew pitch 25 mm. 


Solution. 


20/3 

25 


_20 _ 2 X 10 _ 40 X SO 

3”x a’s ~ 3 X 25 “■ 60 X 125“ 


To cut a pitch of 37-5 ram. Leadsciew pitch 25 ram. 


Solution . 


37'S _ IS X 2S _ 30 X 100 
25 “ 10 X 25 40 X SO ' 


To cut a pitch of 76 mm. Lead.scrcw pitch 25 ram. 

Solution 76 ^ 4 X 19 ^ dO X 95 80 X 95 

■35 2*5 X 10 25x50 25x100 


C 2 
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(d) The Cutting of Engluh Threads on a Lat/n with 
English Lcadscrciv 

In principle, this second case icsemblcs the fiisl The 
system of the leadsciew and the thicad to be cut is the 
same. 

Most lathes have a leadsciew with in pitch, thus 2 
threads pei inch Heavy lathes have a leadsciew with 1 in 
pitch, the smallei sizes ^ in, or 4 thieads per inch, whilst in 
exceptional cases 2^ thieads pci inch aie to be found. Given 
a ceitain pitch, the ft action can then be dctci mined without 
any difficulty 

Should the screw be denoted in a ccitain iiumbei of 
thieads per inch, the number of thieads pci inch of the Icad- 
sciew IS placed m the numerator, the numbci of thic.ids pci 
inch to be cut in the dcnominatoi Should the sciew be 
denoted m the length of the pitch, then the length in inches 
of the pitch to be cut is placed in the numeiator, the length in 
inches of the pitch of the leadsciew being placed in the 
denominator. 

In practice the majority of threads aic cut accoi ding to the 
Whitwoith system (sec page 57), for which reason we shall 
fiist of all give a number of problems with solutions foi this 
thread. 

To cut ’ in Whitworth thread Leadsciew 2 thieads per 
inch J in Whitwoith thread = 16 thieads per inch. 

Solution threads in lea dscrew per inch 

No of thieads to be cut pei inch 

^ 2 _ _ X I _ 25 _ X SO 

16 16 X 12' s “ 8b x 125' 

To cut ij m Whitwoith thicad Leadsciew 2 thieads 
per inch ij in Whitworth thread = 7 threads pei inch. 

2 __ 2 X I 20 X 40 
7 ~ rJ'x 2 = 3"^ x'8o 


Solution 
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'To cut 2 m Whitwoith Uuc<id Lctidscicvv 3 tluxMds pci 
inch 2 in Whitwoith tin cad = thiead pci inch 


Solutiun : 


2 2 X 10 __ 40 X SO 

45"^ 5 X 9 45 X TOO 


To cut 3 in Whitwoith thicad Lcadscicw 3 tlucads pci 
inch. 3 in Whitwoith thicad = 3i thicad t)ci inch 

Solution: ^ r= 

3*5 70 


To cut i{ m Whitwoith thicad Lc<ulscicw 4 tiuc<ids 
per inch i j in, Whitwoith thicad = 7 thicads pci inch. 


Solution 


4 ^ 40 
7 70 


To cut in, i>as thicad, Lcadscicw 2 1 tin cad pci inch. 
i\ in .i^as thicad = ii thicads per inch 


Solution * 


_ 25 _ 20 X so 
r r ~ 1 10 55 X 80’ 


To cut 2 1 thicad pci iiicli. Lcadscicw 3 thicsuLs [ici 
inch. 


Solution ’ 


3 X 4 _ 2 X i _ 20 X 00 
9 3 X 3 30 X is' 


To cut I thicad pet inch {uo/ a I inLi pihh). Lcatlscicw 
3 thicads per inch 


Solution , 


2 - X cS ^ 80 _ 40 X 100 
I 7 ” 3S ~ 25 X 70 * 


To cul 2 1 tlucjul pci inch. 

Solution : '4=i 

3f II 


Lcadscicw 

_ 50 
SS’ 


3 .^ thic.ul per iiu-li. 


In the following examples, the length of pitch is given. 
The pitch of the le.ulsciew will conseciuently appeal in the 
denominator. 
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To cut a j m. pitch Lcaclbciew 3 Ihicacls pci inch 
\ in. pitch. 

Solution I = - — . 

i 2 50 

To cut cl in. pilch. Lcadbcrcvv 2^ tin cads pci inch 


s=: ~ m. pitch 
Solution 


\r> 

Hi 


]f:x2i IS X 


16 X I 


75 X loo 
40 X 80 * 




To cut 19 threads on 11*5 in Lcadscicw 2,^ tliicads per 

II 5 

19 


inch. The pitch to be cut 


m. 


The lcadscicw 


pitch — in 


Solution 


H‘S 

I 

Ts 


II 5 X 2*5 

19 


ns xSi2s_ 

95 X 100 ‘ 


To cut a jDitch of 4^- m. Lcadscicw i pitch per inch. 

Solution: = f = 3 X 13 ^ 6 s X 75 . 

I 8 2x4 25 X 40 

To cut a y m pitch Leadsciew 2 thicads pci inch. 

Solution M=^ 3 X 2 ^ 2 x 13 Cs. 

32 2 X 16 80 


1 i 
ilM 
1 . 
2 


To cut 9 threads per si,’ m. Lcadscicw 2| tin cad per 
inch The pitch to be cut = 5 ^' in The pitch of the 

Icadscrew = 4- in. 

sit 

Solution - 2 - Sit X 2i- ^ 9 S_ x_2;s ^ 125 x 95 
_£ 9 9 X i6 80 X 90 ■ 

2i 

In the foregoing examples practically every case which is 
likely to occur, has been treated. 
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(6^) To cut English Threads on a Lathe with 
Metric Leaded e%v 

In the first and second cases considered, the system of 
the thread to be cut and that of the Icadscicvv wcic identical, 
VIZ,, in the fiist case accoiding to mctiic measurement, in the 
second, according to the English measuicment 

In the thud case, howevei, the system of the thread to be 
cut and that of the leadscicw aie dissimilai The leadscrew 
IS divided per cm = 10 mm., or some pait 01 multiple 
theicof, the screw to be cut being divided pei inch = 25 4 
mm., 01 some part 01 multiple thcieof 

In the third case to be considcied, this numbei 25-4 will 
consequently appeal legulaily cithei in tne numciatoi 01 
the denominatoi, and will invaiiably produce a fi action 
which, with one exception, cannot be lesolved into whole 
numbers 

An equivalent must theicfore be found, by means of which 
it will be possible to foim a divisible numbei from the nume- 
rator and denominator of the fi action 

This equivalent is to be found as follows 6 \ in. = 
16*509675 cm., taking for gianted that 6 \ in. = 16*5 cm., 
there is then a disciepancy of 0*09675 mm. per 165 mm. 
of length, 01 rathei less than 0*06 pci cent., a diffeience of 
piactically no impoitancc whatcvei. 

If the number of thieads to be cut be expressed in a 
certain number pei 6 5 in , and the number of threads of the 
leadscicw be also cxpicssed in a certain numbei per 6*5 in, 
or 10*5 cm., the result will be an equivalent which can be 
made use of. 

As reference is heic made to a ceitain numbei of thieads 
per unit of length, in this case, 6* 5 in. 01 16*5 cm., the numbei s 
of thieads of the" leadscrew will appeal m the numcratoi, the 
number of thieads to be cut in the denominator. 

The following comparison can thus be formulated — 

No of threads in leadscicw per 16*5 cm. diiveis 

No. of threads to be cut per 6*5 in. wheels to be driven 
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As the numbei of tin cads in the Icddsciew lenuuns in- 
variable for the same lathe, the numciatoi is consct[ucnlly a 
constant factor foi a ccitain lathe. 

Should the leadsciew have a i cm pitch, the kvidsciew 
will then have 16*5 thicads pci 16 5 cm , <ind the constant 
factor of the numciatoi will be i6‘5, whilst, at the same time., 
6‘ 5 IS to be found as a constant factoi m the denomiiULtoi, 
and must constantly be multqjlicd by the number which 
expi esses the number of threads to be cut pei inch I( botli 
these constant factois be multiplied by 10, the numbei 1(15 
will always appeal in the numcnitoi and the nuinl)ei (>5 m 
the denominator, in this way- 

constant factoi of numerator 165 

„ „ denominator No of thieads to Ijc cut pcim X65 

or - IS 

threads pei in X 65 

The equivalent is now comi3letc , by leplacinq thira<h pci 
znchm the dcnorainatoi by the actual numbei, a fi action i.s 
obtained which will permit of the calculation of the wheeLs. 

In the examples which follow, cveiy possible vaiialion 
has been carefully worked out, fiom the simplest to the most 
inti icate 

To cut 6 threads pei inch. Leadsciew 10 mm pitch. 

Numeiatoi = _ 11XT5 _ 11x15 

Denominator = No“ of thicads pei inch x 0 $ ~ 0 XG5 

= 55 X 75 ^ 50x55 
150x65 65x100' 

To cut 4 threads per inch. Leadsciew U) mm. pitcli. 

Solution 11 X 75 ^ 55x75 

4x65 20x65 65x100' 

To cut 2;} thicads pei inch Leadsciew lo mm. pitch. 

Solution 1/^15 _ 4x11x15 _ 2x2x3x5x11 
4X65 9x65 3x3x5x13 

= 12X55 _ 55x60 
45x13 45x65' 
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To cut thicdcls per inch Lcadsciew 10 mm pitch. 


Solution 


11x15 _ II X 30 _ 30 
x6s ““ II X65 “”65 


To cut I 111 Whitvvoi th-thiead = 8 thieadb per inch Lead- 
hciew 5 mm pitch. 

In this case the lcadsciew has 2 thieads per cm Conse- 
quently for tins p<irticulai lathe, the numeiatoi is 2x165 
= 330 01 II X30 


Solution 


II X30 ^ 60X 55 
8x65 65x80 


To cut j in ^as thiead = 14 thiea^ds per inch Leadscrew 
5 mm. pitch 


Solution • 


II X30 ^ 30X 55^ 
14x65 65x70' 


To cut { in. Whitwoith -thiead = 20 thicads per inch. 
Lcadsciew S mm. pitch. 


Solution 


II X30 ^ 30x55 ^ 
20x15 65x100* 


To cut I in. ,qas thiead = li thieads pei inch Lcadsciew 
() mm. pitch No. of threads in leadscrew [ler cm,, \P. 


Solution 


X II X IS _ X IS _ lox 15 _ 25 ^ 
11x05 65 ^6x65 65 ‘ 


To cut 36 thicads pei inch. Leadscrew 4 mm pitch. 
No. of threads in the lcadsciew per cm , 01 2*5, 

Solut,.,... ='S;;><><.5 „„xi2'S_,2Sx5S. 

36X65 I ' X' 1 ' tX 120 


To cut I thread per inch Leadscrew lo mm. pilch. 


Solution . 


II X IS h X II X TS _ II X 120 _ 55 X i?o 
7 x 65 7x65 7x65 35x65 
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To cut a 5 in pitch 

i = ^ 

8 / 


Leadsciew lO mm pilch. No. of 


threads per inch 


Solution 

- X65 
7 


7 X II X IS 

8x65 


fos X 1 10 
65x80 


To cut 3 thieads pci 2 m. Leadscrew 6 mm. pilch 
No of Ihrcads pci inch ^ No. ol lliicads m the Icadscicw 
per cm 

Solution .',?!< I' X -5 , lo X I. X 5 ^ 55 X 100 
^ X 6s 3 X 65 3U X 6s 


To cut 36 threads per 7 in. Lcadscrow, 7 uiiii pitch. 
No. of threads per inch '“’f No of threads in the leadscrew 
per cm \P. 


Solution ■ 


V*’ X 11 X IS _ 10 X n X IS 
X 6s 36 X 6s 


_ 5 _x ti „ SO X SS 

6 X 13 ~ 60 X 6s’ 


To cut 9' 5 thiead per 8 inch. Leadscrew, 10 mm. pitch. 
No of thieads pei inch, ^ 


Solution : 


II X IS _ 8 X n X ts _ no X 120 

^ X Cs 9 5 X 6s “ 6s X 95 ■ 
8 


To cut 25 thieads pei 3;j‘ in. Leadscrew, S min. pitch. No. of 

threads per inch, ^ = g ■ No. of thieads m the leadscrew 
3 1 15 

per cm. 2 


Solution 


2 X II X IS _ 2 X II X IS X IS 
X 65 100 X 05 

^ SS X 90 ^ 

6s X 100 * 
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To cut ti 2^ ill pitch, l.cadscicw, 10 mill, pilch No. of 
I 2 

IhiCiidspci inch, ;;7 = • 


Solution 


^ ^ ^ _ S X 1 1 X 15 _ 1 10 X 75 

If X 65 2 X 65 20 X Os ’ 


To cut 2 tlucacls pet 6 l in. LlmcIscicvv, 25 mm pitch 
No. thicads net inch, ~ — J. No. of tlucads in Ihc lead- 
r 2 

scicw pei cm,, 


Solution 


X H X 15 _ 2 X 13x11 X 1$ _ 55 X Ou 
i‘, X (>5 I X 5 X 05 "" .|o X 25* 


(/) Cuttvi^i (J Methu Tlucads oii a Lathe ivUk 
lin^i^iLsh Leadsemv 

To some extent the fouith case lesemhlcs the thud The 
piopoition 10:25*^ aLso holds good, though with an opposite 
meaning 

Use IS also made in this instance of the fact that 6* 5 in. is 
e(|iuvalent to 16*5 cm 

Suppose, lor example, tliat the leadscrew has a t inch 
pitch and 10 tlucads per cm. have to be cut, i.e. a i mm. 
pilch, then, when the leadscrew has completed 6*5 revolu- 
tions, the lathe spindle should liave made 165 i evolutions, 
which can be formulated 

No. of threads in the leadscrew pei 6-5 in. _ 6* t; 

No, of threads to be cut pei t 6 $ mm. 1O5* 

The numerator of the fraction will thus, for a given lathe, 
always be equivalent to the number of threads per inch in 
the leadscrew X the factor 6*5; the denominaloi being 
equivalent to a fraction, the numeratoi of which is the factor 
165, and the length in mm. of the thread to be cut, the 
denomiuaior. 



28 


The Cctlculaiion of Changc-^]]/ heels 


Foi cxeuiiple, a 2 mm. pilch is to be cut on a lath 
having a Icadscrew of 2 threads pei inch, then 
the numeiator will be 2 x 6 5 = 13 

and the denominator will be 

2 

Foi this paiticulai lathe the numeiator will «dways be 13 
The hist lesolvent of the fraction is a whole numbe 
obtained fiom the dcnommatoi by placing the dcnomm<ita 
of the fi action, wdnch is the denominator of the compoimc 

2 X 13 

fraction in the numeiator, thus ^ 

ids 

No useful puipose, howevei, is effected by this alteratioi 
evciy time The pitch of the thread to be cut is accordmgl) 
placed directly m the numcratoi, the fraction then beiiu 
definitely foimuiated as follows — 

Niimeratoi = Pitch m mm, of thiead to be cut x No, of 
thieads in the leadscrew pei inch X 6 S 
Denominator = 165 

Attention must here be directed to the fact that whcnevci 
the length of the thread to be cut is a fraction, it must nevet 
be lesolvcd into a decimal, but must always be placed in the 
numerator as a vulgai fraction, so that compound fiaction*- 
maybe icsolvable fiom numeiatoi and denominator by multi- 
plication of both. 

The following examples, fiom the simplest to the most 
complicated, will make cleai what has been stated above 
To cut a sciew of 5 thicads pci cm Leadscrew 2 threads 
pel inch 

To be cut a 2 mm pitch. 

Solution. 2X?X6-S^ 2x13^20x65 _ 

165 XIX15 7Sxno 

To cut a 3 ■ 5 mtn. pilch. Leadscrew 2 threads pei inch 

Solution. 3 'SXI 3 ^ .35x65 _ 

IIXX5 75x1x0 
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To cut a scicw of 3 tin cads pei cm. I^cadsciow 2 llueads 
pel inch , 

To be cut a mm pitch 

Solution ^ JOXi 5 ^ 20 X (.5 , 

irxi5 3x11x15 11x1 5 ^isxiu) 

To cut a screw of 8 tin cads per 1 i nun I.cMdscunv 2 
threads pci inch 

To be cut a y mm pitch 

Solubon Vxi 3 ^ 13 ^ 30 X (.5 ^ 

n X ! 5 X 1 5 j 00 X I 

To cut a sciew of 5 thicads pet iK nun Le«uls(tew ' 
Ihicads pci inch 

Solution ^" 113 = ’3X18 ^ r,x. 3 ^ 3 <'X ^5 

11x15 5x11x15 I I X ■’5 55 Xi'!5 

'bo cut a SCICW of 4 thicads pei 7 nnn LcMdstiew ?\ 
Ihieads pci inch 

Solution IX2ix6.i^ 7x13 ^ 35 Xf.S _ 

II X15 4X2x6x ri tiox 130 


To cut n 7i mm pitch Ivcaclscicw 3 \ thicruK iici inch. 

Solution. nX2l2^^ 5x13^ 50X65 
11x15 n xS 55x80 

To cut ,i lo^ mm pilch. Lciukcicw i (hu‘,ul pci inch. 

Solution 21x13 ^ 7x13^35x65 

11X15 4 ]X 11x15 11 X 30 55x100' 

To cut a 42 mm. pitch Lcadscrcw i inch pilch. 

Solution 42X6-5 ^ 42x13 ^ 7x13 , 70x65 

iixis 2xnxis 5xm 50x55^ 

To cut a SCICW of 13 thicads pci 5 wun Tcadscrew 4 
ihie<icfs })ci inch. 

Solution. l’’iX4x6,i^ 2x5 ^20X25 

11x15 7-5x22 75x110' 
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(j^) The Wheel with i 7 teeth 

In addition to the equivalent 6 5 m, W)*S < ^vhii'h 
has been employed in the thud and fourth lasers, lh<*ie 
is still another way of cuttini^ luii>lish thuMcl on a lathe 
with metuc leadscievv, 01 vice m.v?, winch is, liy inakini^ 
use of a wheel with 127 teeth 

The pioportion between the cm. iUid tlu' inch of 10 2 * 5*4 
can be resolved into one of 50:127 

127 is not divisible fiuthci, <ind sii, if a wheel with 
127 teeth be employed, this iactoi c<in he* jdaced <ailiei m 
the numcratoi 01 the dcnominaloi . 

The thud and fouith cases will then icscanhle the fiKst, 
seeing that it is now possible to expiess llu' ICnghsh thusul 
in mm, whethci it be the thieads m the ksulscrew ov the 
thicads in the sciew to be cut The fiaction will thus he 

Numeratoi = Pitch to be cut in mm 

Denominator = fitch of leadsciew in mm 

Numerator = No of threads in leadscrew pei inch 

Denominatoi = No. of threads to be cut [)ci cm X 

The following examples will clcaily indicati^ what is 
meant — 

To cut a 2 mm. pitch. Leadsciew 2 thieads per inch. 
Leadscrew pitch 12*7 mm. * — 

Numcialor == 2 _ 20 

Denominatoi = 12 7 127 

The foregoing example, when woiked out as per tlu* last 
comparison, will yield the same result, seeing that : - 

2 mm. = 5 threads pei cm. 

Numeiator 2= 2 _ ^ 

Denominatoi = 5x2*54^ 12*7 127 
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To cut 3 threads per cm Leadscrew 2 threads per inch. 

Solution - - 2 __^ = 4X50 _ 40x50 

3 X 2 54 6xf27 6x127 60x127 

01, accoiding to first comparison, 

I pitch = 10 mm. 

Numerator = 10 __ 40x50 

Denommatoi = 12 7 3x12 -7 ”60X1^* 

T, o cut 7 thieads pei 44 mm, Leadscrew 2 threads per 
inch 

44 

Solution — — = 40 X 55 

12 7 7x 12-7 35 X 127 

io cut a 9 mm. pitch Leadscrew 2^ threads pei inch 

Solution _2_= 9x25 ^45x125. 

25 '4 25^ 50x127 

2-5 


To cut 28 thicads pci 45 mm. Leadscrew 4 thieads per 

h. 

Solution . _!!_= 4SX4.„4SXSO 

25-4 28X25-4 70X127 


To cut I m Whitworth-thread = 8 threads per inch Lead- 
screw 10 mm Pitch to be cut = ^^-4. mm. 

0 


Solution ; 


^ 5 '4 

8 25 *4^ _ 20X 127 

10 8 X 10 ““ 10x100' 


When culling melric Ihread on a lathe with English lead- 
screw, Ihc wheel with 127 teeth is always to be found amongst 
the wheels driven, whilst, when cutting English thiead on a 
lathe with metric leadscrew, it is found among the drivers. 

To cut 3 in Whitworth-thread = 3^ threads per inch. 
Leadscrew 10 mm. pitch. 

25*4 _ 20x127 
3*5 Xio" 35x100* 


Solution : 
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To cut 4 in. <4us thtcacl = ii thicMcls pci inch. Lcadsnew 
n\m. pitch 

Solution * 


25 4 
I 1 X U) 


lO X 1:7 
IOC) X 1 10 


lo ml 3 tliKMcis pen m inch pilch LcmcIsciou 

* ^ > null, pitch 

25-4 


Solution = 4X^-5 

ro 3x10 25x00 

To cut (> thiCiicIs pci \ I m LcmcIscicvv 25 mm pilch. 

25 ^ 

! I 

Solution* ^0X2SM ^45X1-7 

25 11X25 55x125 

1 V> cut 7 tluciuls pci 3 m. Lcadscrcw 7 mm pitdu 

3 X 25 - 4 . 30X, 27, 

7x7 35x70 

I'o cut 24 1 hi cads pci () in. Lcadscrcw 5 nmu pitch 

.S<,l„l,..u 0 X 25 - 4 _,^ 5 X .27 

34 X 5 50 X 60 


(//) Me/ hod for Calcnla ling Approximate Fnutiom., 

BcToi c commcnciiu^ with the actual calculation, the tjuestiou 
was pi opouiuh'd undei heading* {li) on pa^qc 15 . “ What chanp,C“ 
wheels ate to be found on a lathe?” This was indeed im- 
perative, as Llu‘ chan^^e-whcels actually picscnt on the lathe 
have invaiial)ly to he taken into account, first of all because 
th(," fnicliou must be icsolved into nuiubeis concs[)oudm^^ to 
the change- wheels, and then, because the same factois which 
to make up the fiaction must also be found m the change- 
wheels. Should the fraction contain <ifactoi not to be met 
with in the changc-whcxds, then, accoidmg to the methods 
tiow in vogue, a suitable set of wlieels coukl not be lotmd, 
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C(>ns(*(|u<*n1Iy, the thicad in c[iicstion could not be cut without 
nbtainiiiii; ont^ 01 nioie w heels makiiu^ up the icctuisitc fiictois, 
wliich, (){ coiusc, would not be possible^ as a certain thiead is 
ipMUsally UH[uired to lie cut without notice, and iheie is, 
theiefon\ no eluince of cithei making or olitaiiung siutaljlc 
wh{*els. 

Will siuh cases often occui ? Not as a lule The 
c\,uuples aheady given cleaily show that even m the case 
ol tlueads whicli vaiy veiy ctmsidcoibly, the wlieels necess*uy 
foi enitiug <i tine thiead can he found 

In the si't of change-wheels, given on page ig) following 
factois weie found 3,3, 5,7, 11, 13, 17, 19, 23; the factoi 
23 was not met with in the second set, whilst on many lathes 
iIk fartoKs 17, i<), and 23 aic absent 

// Jdoftm apptw in the fiadion composed of the thread to 
he cut and the leadn'iexo^ lohuh cannot he found in the {ham*e- 
wheels, then smh a tlnead lannot be cut accurately, 

11 it IS absolutely necessaiy to cut such a thicad, a fiaction 
must b<* sought loi which appioaches the coirect fniction as 
neatly tis possible. 

Lack of knowledge of the conect method of finding out a 
fraction appioximaling the line fiaction as closely as [lossibltg 
bio often lesults in the ealculation being skipped ovei, and n 
Inution luang chosen which actually gives a thiead diffeung 
ccmsulcu’ably fiom the one letpiired. 

In addition, the fact is loo often lost siglit of that an 
approximate fraction will still result ui tin eatl. 

Suppose, for example, a fuicium is found which yields a 
tliHsul differing only 0*05 mm. fioin the thread of the niit to 
lit which flu* threa<l has to he cut. At first sight ilie difier 
tmee appears trilling, Imt the enor which has been made is 
teally sioxy p;reat^ so great, indeed, that the thiead ohtaiiusl is 
wholly useless. It must ol course not be foigotlen that each 
thrtMti incieasos the error, which at the end ol 20 tlueads will 
result in a difference of 20 O’OS mm. = i mm Sigipose, 
fmther, tluii a thread has to be cut of 23 threads per inch, 

the pilch being » 1 mm With a differemee cd' 


D 
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0*05 mm pei thread, the diffeience at the end of lo thicads 
will be equivalent to one-half of the thiead, whilst at the end 
of 23thieads5 the diffeiencc will amount to the cntiie thread 
The foiegoing example clearly demonstrates that only 
fractions diffeimg by some thousandths of a millimctie, or 
some ten thousandths of an inch, can be emfiloyed 

How can such an appioxiniatc fraction be arrived at?' 
Regular piactice often enables one to find afiaction which 
approaches veiy closely, without the assistance of any method 
In one of his note- books the wntei found a fraction which 
had been discovered, apait fioin any method, foi the cutting 
of a 3 7 mm. thiead on a lathe with a leadsciew having a 
pitch of lo mm 

For this thread theie were no change-wheels, for a wheel 
in which the factoi 37 appears, which is indivisible, is not to 
be found among an ordinaiy set of change-wheels 

Foi this reason, according to the notes in question, the 

77 

fraction — ^ was chosen, for which change-wheels could no 


found, since — =: 

208 


7x 11 
13 X 16 


35 „x SS 
65 X 80 


Seeing that the difference between and is simolv 

10 208 ^ ^ 

the difference between 3-7 and 3*701 = o 001 mm., so that 
aftci 10 thicads the diffcicncc is still only o*oi mm., which 
may be considered neai enough for all practical pin poses 
Such gioping about in the dark, however, is not at <ill 
methodical, can take a veiy long time, and, finally, may not 
lead to any actual lesult 

The compound fraction, however, supplies us with a leady 
means of discovering a fx action which appioximatcs suffi- 
ciently to peimit the obtaining of what is piactically an 
accurate thicad. 


Suppose the fi action to consist of two niimbcis, the 
numciator and denominator of which arc both positive 
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Ld these nunibeis he lepicscntod Dy A and ]5, <ind A > B 
I'lns can then be icpicscntcd 

^ /h < B 01 > )\ 

Taknpe;- the icvcisc of the last-named fiaction, the icduction 
ran then 1)0 Iiuthei continued, 

= + d < d > d 

i 

Continuing fmthci 

^ 4 ^ < ;'2 oi /'j > 

which can be continued ad infinitum, and can thus be 
ex[)i(‘ssed 

= (hi “f* » 

/ - t / // - I 

in whicli 

^ 7t ^ » I ^'n ^ rt 

Tlu' (iiiotinits au ti-h ■ ■ ■ ‘>m -n‘t‘ termed indicator!,. 

By sulislitulion c.ui be oljtaiaed 

d 


A 


^?'i + 


1 


fOi + 


(t\ "h \ etc,, etc. 


oi, 


H 


Ox + 


0^1 


ns 


(h 




nis 


ni 


rh + 


(Tv + 


r,i 


1) 2 
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If = o, then the numboi of teiins finite, in which 
A 

case the fiaction ^ is dctcimintible, in that it (.an finally 1 h‘ 

divided without leaving a icmaindci. 

A 

If the pioportion ^ be indclciminahle, and c.innol enn- 


seqiiently be cxpiessed by a fiaction with exactness^ then 
thcic will be no end to the divisions, in which cast' the 
number of teims of the compound fraction will he injinttv 
Every indetenmnahlc numbci may l)c legauhal as the Ihuit 
of an indefinite, non-icciming fiaction The limit of *i 
lepcating decimal fiaction is a dctenninal)k‘ piopoition, 
the limit of o - 3 is J. 


To apply the foicgoing to a definite fiaction. 
(i) Given A > B, for example 


To expiess the fiaction 


997^> , 
GgCi ‘ 


IS a ('onipound haclion 


9976 _ 

6961 


+ 


3015 

6961 


d* I 


2 4 - 

+ 


93 1 

3015 

I 


3 


222 

93 ^ 


I , j 


^ + 


43 




S + 


7 

43 

i 


6 + » 
7 

The tndicatm's aic thus i, 2, 3, 4, 5, 6, 7. 



for Screw-ciithng on Lathes. 
Couhcqucntly at, a compound fi action = 


37 


I + 


2 + 


3 + 


4 + 


5 + - 

6 -j- 

(2) Given A < B, foi example. 

To express as a compound ftaclion. 


113 _ _ I 

355 355 , , 16 

3 + fjy ^ 

+ I 
7 + 


113 


16 


A 


If <; ij the first mdicatoi can then be expiessed by o, 
in which case the mdicatoi s will be 
o, }, } and 


thus 


113 

355 


r=: O -f” 


as compound fraction 


3 + 


7 + 


16 


(3) Express the compound fraction 4 as an ordinary 


fraction. 


13 = 4 + 




3 + 


2 + 


= 2Ti 


I + 


IP So that ^ = 


202 

~ 47 " 
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( 4 ) Expicss the compound fi act ion I as <m ouhnaiy 


fi action 


= 3 + = 

= 4 + |j r=: 


A , ()2 

B 2 ,'s 


The gcncidl lonnula can now be expiesscd by puttnii* 
letteihui place of the ligiires given in llie {oiegoiiig (wamples. 
Given the compound (laction a, deteimuie the oidinai)^ 
fraction h 


^ r “ 1 " I (f /u (/ \ (f /f \ (If {/ \ t (/ \ i 

b c d H- b H d bid \ b I d 

^ ^ -I- b 4 d 

( d 4 T cd -1 T 

1 cd H- 1 


given that 

= I \ abed 's=: 24 

b = 2 ^ 2 

^ = 3 a d== 4 

d := 4 ) c^=:12 

42 + I =r: 4^ tlu' mmunabm 
bed 24 

^ = 2 

d= 4 

30 = the denominator, 
so that in this caso the value of the ft action 

B 3c; 
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I^oi duy i^ivcn Veil lie of a^ d, dud the fi action can be 
nuiueduilely detci aimed fioai the fi action 

0 /ud + a/^ + ad + cd + i 
d c d if (t 

lo take tile leveise Given the oidinary fraction 

(a d + i) c + a 

ife + l 

(Udinnitne the eomiiound haction. 

+ I ) ^ ^ 4 - 6 + ^2: _ ^ c 

if i + 1 i^c + i ifC + i 

==: ^2: -j 1 — = iiidicalots, 

/;+ ^ 
c 

I'he lutheatois aic thus a, and c 

(it vim that tn the fmet>i)in^ fi action tlie indicatois have 
the followmi^ value a — 2,if ^ 3, ^ L 

Then reveismg the oidei of things in the foiegoiiig 
example 

+ t) 6^ + _ (2 X 3 + i) 4 + 3 _ 28 4 - 2 _ 30 

4 * I 3x4+1 "~*r2+i*~i3’ 

The indicators foi the fiaction ^ aie thus 2, 3, and 4, 

13 

'Fhc foregoing conseciucnlly pioves *— 

(1) That evety detcrffiinaiflc fraction may be expressed as 
a finite compound fraction. 

(2) 'Fhat every //:/w/acon4)oimd fiaction maybe expiessed 
as a deter ffiinablc fiaction. 

Compound factions may be divided into: — 

{a) Symmetric. 

w { ;:rx 
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If tciras cind compound fi.iction be expicssed as 

^ 'b, • • a„) 

11 , 

inclicatois 


then 

A / \ 

^ ^^1/ 

IS tciined a synimctuc compoimd fi<ution In'Cause the in 
(Jicatoib end in tlio same oidei ol set[uenec ability bq^aii , and 

= {ay, au (h, a^ * .) 


IS teimcd a pci iodic compoimd fi action, becauht* tlic indK atois 
(li, ai occui peiioditidly In both cases Uu‘ lumdK'i of 
terms is infiiiile 


77/0 FuuUngHUit of Appioxu/iati/ig Fnutio/ii^. 


Whcncvci the factois of a fiaciion, accouhn^? to which a 
thread is leqimcd to be cut, aie not rcpicscntcd by the 
change-wheels belonging to die lathe, it us impossible, us has 
aheudy been dcmonstiated above, to cut a theoretically 
accuiate thiead, but an <ittcnipt can be made to discover a 
fiaction, the value of which ajipi ouches that of the leal 
fiaction so closely that the two may be legarded as poictically 
identical. 

Such an approximating fiacluin can l)c found Ijy n^solving 
the tiaction into a compound Iraction, and leimlnating this al 
the second, thud, fouith, fifth, etc., indicator 
Foi example — 


A 

B 


= tly 


4 * 

+ 


I 


i 





Jor Scrcw-cnfting on Laf/ia. 
Ih) 1 the I'li.st queliciit substitute 




-Q-r 

then the second (juulicut will be 


1^2 

C)o 


iti + 


iZn 


ily 

l’ 


«, rta + I 

tl'i 


the thud quotient beinj» 


1'., 

(). 


‘h + 


I 


'*,1 ('b + r ) 4- 

+ I 


, etc. etc. 


* iUc the 1 educed tippioximaled fiactions, the 


I* 

e>.’ 0; 03 

values of which aie altcinalely ^leatei and smallci than the 

A ' A 

value ‘J-nd they appioach moie and moie closely to 

which may consequently be regarded as then hnut 

The gi eater the numbci of mdicatois, the smallci the 
dhference between the approximating fiaction and the exact 
A 


value of 


ir 


The following connection can be established between the 
approximating fractions and the indicators : — 


P,: 

Oui 


(ti T* * i 

(h J 


l\j = + i) +^2^1 


C)j sr + I 


I’l =:rti) 

Ot = 1 j 
coiiscciucutly 

I*;i (In (fb O-'i “b I ) "I" d" 

Ca ~ ‘h 'ta + I «3 Ua + Oi’ 

t ou.soqiicntly 

P, = P, + Pi and Q,, = an O, 4- Oi- 

It foIlowH, therofolu, as a gunuial rule that 
P„ = (In P„™, + lC„a and Q„ = 0„ + O,. 

atul this can be applied ia the following mannei 



42 


The Calculation oj Chauife-l Cheels 


51 


Dulcuniuc the I'lmpomid 


(i) Given the fiaclion 
fraction, i.e. the indicators, and find an appiuxiinalivc Iratlion 


A 51 
13 IC 


A Pi 


3 + 


5 4- 


‘h = 3 
a., = s 
a, = 3 


<h 


0i 


B ~ Qi ~ I 

A _ P2 _ s X 5 + I 
B ~ Q, - s 


limit appioached 


16 


, limit appni<iclu‘d still (.Insei 


A^ Pi 
B Qa 


3(10 + ?^ 51 
1 5 4- I iC 


(2) Given the fraction 
^ 399 


A ^ 3370 
B 399 


8 + 


+ 


4 + 


7 + 


«J — b ^P, — (Ij — b (2| 


I’l 

' u. 




: ^2 + I = 1 7 = 3 


p.l _ 17 

(i. 2 


V 


76 

y 


dig — 4 3 Pg — 41)4 iij yfi Gt ~ "t 1 -- 9 1 ) 

«1 = 7 P, =!*,(«, ,(aid!j4 1 ) 40 : 1*3 + B = 5i| 9 Gi “ H) ^ "u-' ^'S o, 

«c = 6 tPg =o:f,((i4(a,|(fljfla4l) 4 iiirta + 1 )) + *ii(«i«3+ 0 t "1 337<J 

s ^ 

>i»r 

6 X 549 H- 76 

Ur. = K (^^3 ^^2 + 1) 4 - fry) -1- fiy + r 

6 X 65 -f- 9 399 




^49 

65 


39 


The appioximaling fractions arc thus 

8 17 76 549 3370 
I ’ 2 ’ '9 ’ 65 ' 399 



Jar Si rcw ( fdtuio IauIivs 


(•^) Di'lnmiiu' the compound tiatlion iincl the uppioxi- 
nuitinn ha( lions ut the nimihei 2*718281838^59 


A 718 \Si828 | 5(; 


B 


1 o’ 


1 “I" 


j + 


I + 


1 + 



t 

f, 

^ ^ » 

< 

:j, = I 

Cl 

I 





a, ^ 

1 

I’l! 

2 

X 

i + 1 - 

> 

(Ja -* 1 

IV - i 

(J. 1 




ih, ^ 

> 

IS 

-* 2 

X 

t 1 

8 

<J.i = 

' X 1 1 1 

-- i 

IV 

IJi 

8 

•) 



/ 








IV 

1 1 

(ii 

I 

1 ’. 

1 

X 

s 1 t 

1 1 

(]( - 

1 X ^-1 I 

-=■ 4 

e. 

1 











1 ’,. 


<h - 

1 

IV. 

1 

X 

1 1 4 ” 8 «“ 

- 19 

ev=- 

1 X .| + f 

= 7 

Ur, 

7 









4 x 74-4 = 


IV, 

^ ‘"’7 


4 

IV 

f 

=■4 

X 

19 + 1 ! 

yz 

11 

= 3 ^ 

u.. 

^3 


(.|j Dotcuniiu; the appt'oxun.itiiig fiactions for the nuuiljci 

'»--.r> 4 i 5 y^'^ 5359 ---- 


A 

I! 


3 ! 4 'Sy ^'>5359 „ „ , 

- 3 + 


7 + 


1 5 -p 


I 4 " 


292 4 " 


1 + 


t + 


th = 3 

II 

(Ji “ 1 

ih r™ 7 

IV =■ 23 

U'*. = 7 

rr I s 

l’'i “ 333 

0 ., = lOf) 

Ui - t 

IV ~ 355 

Ui - 1 1 3 

a,, = 29 i 

I'f, = 103993 

^ 5 = 33102 
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The approximating^ fi actions aie, consci[U(.‘ntly, 


3 22 333 ^ss io^9(>3 


etc, etc, 


I ’ 7 ’ 106’ 113’ 33102 

Fiom which the followini> can be (leletnmu^tl — 

Axiom I — The diffcience between two sm cossivc appioxi- 
mating fiaclions is, the signs not being taken into eonsideia- 
lion, cc[Lial to the unit divided by the pioduct o( its mimeiatois ; 
or, in gcneial, 

V = - ^’"+' = 

“ Q.. e«+. 


Should theie also be thiee sucxessive 
fi actions, 


ti[)pio\unatn)g 


V 


V 


' u \ t 


Q«-r’ Q,,’ O'-H..’ 

the fiist will then be gieatci than the secoiul, the si'uMul 
being smallei than the thud, etc 

Example (sec page 42) . 

A ^ 3^70 _ 

B 399 ’ 

the approximating fiactions are 

8 17 5d9 

i’ 2 ’ 9 ’ 65 


V„ 


_ 1 4-1 _ I 

2 ’ 18 ’ 585 


Axiom 2. The dilfeience between the exact value nl the 
A 

fi action and one of the approximating fiaitions will in- 

vaiiably be less than the unit divided by the pioduct of the 
denominatois of this appioximating fiactiim and those follow- 
ing, and also less than the unit divided by the sijiiare of the 



/or SorwHUfiiHii on /^a/he^ /|5 

tl(‘n()min,iUn of the fidctioii iindei considcuition , (>i» tn 
i\oxwa\ 

A ^ P, ( 1 )^' 

^ . 

A A, .(-!)” 

I’- <]« (]»' 

( - I )« ( - 1 )" 

«]/ 

A _ I’. I 

i- -1- o.. ,) 

Ai)[)lir:iti(in A _ 3370 

~ 3 'W 


lb 

_ >7 


\\ 

_ 7^ 

ib 

ST' 

( j. 



9 

eb " 

015 

3170 

3 ‘)y 

~ H < ■ 

I 

J 

— 

w> 

2 



^^ 7 '' _ 
.m 


< 

1 

18 




3370 _ 


< 

I 




3 <)<) “ 

i 

A 





I 

hS 

< 

\ 

4 




3370 . 


< 

, ^ etc. 

etc. 



3 ‘W 

2 


16 




which it follows th.it in onlcr to obtain an ap(n()Xi 
malint; fraction, differing only a millionlh pait fiom the exact 
vahu‘, Ihe denominator imist consist of at least /\ figures. 

The dilfcrcnces between two successive approximating 
fiactiou.s become rontiiuially smaller, and are alleuiately 
positive and negative. The difference a))pioaches nil, and 
consequently the limit of the approximating fraition to the 

ex.ict value of 
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By intcipolation rUiothei fLiction (<Ln still ])C found Ixdwcrn 
two appioximatini’ (i actions 
Gencial teim — 

1 \/ __ - T + B;, „ 

By takini^ in place of a, the valuers i, >, 3 . , , 

j> 

i), othci fi action s c«in he inleipolah'd belwcHui ' and 
p 

- both of which foim an incicasnuj 01 ilnnnnshuu; i ham, 
as tlicy both have the stime sij^n 


(i) Required, the inteipolated fiiictions het wetm 


1 

.ind 

e-i 

= of the 

65 

fiaction 

A 

l’> 

= 

3370 

399 

(l).u;c 



"4 = 7 

a„-, = 

6 . 

5, 

4. 3. 

2 and h 



1’. 

1/ ^ 1 

ff ^ 

r + 

■ K. 




0. 

» ~ y 

it 

, + 

■ y*« 




l>„ = 

5 A 9 



q„ f,3 




70 



(Ir 

- 9 



P«-. = 

17 



(]„ 



i’» 

6 X 76 + 17 

_ '173 


I ) 

* t 

«• 

X 7(1 1 - 17 

MS 


6x9 + 3 

S'' 




.j 4 , 1 



S X 76 + 17 

_ 397 




X 7() + 17 _ 


y. ~ 

5x9 + 2 

47 


<S 


3 X <) + > 

20 

r. 

4 X 76 + 1 7 

_ 321 


r,. 

_ 1 

X 76 + 17 

, 93 

y« 

4x9 + 2 

■' 38 


y. 


1x9+' 

) { 


The fiactions ^73 p j 

tween the fiactions ^ J and whieli an‘ appioximathiq 
fractions of 

399 
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( 2 ) Rec [lined, the iiitei [)()l<ite(l A act ions 

h 7 A 

, 111(1 , * ~ ' of the Sriine fi action 
U I U 


he tween 


F. ^ H 


^6 

= 4 

a,, . 

_ I — 

3. 2 

, and i 


l’„. 

- 1 + 1 ’/, ■ 

. » 

1 ’. 

_ 3 

X 17 1 <s _ 

_ 59 

( *' 1 ";/ ( Jf/ ■ 

- . -f (J„ - 


e. 

3 

X 2 + 1 

■ 7 

1 '. = /(> 

0, = 

9 

1 ’. 

0 

X 17 ^ . 

42 





0 

X 2 +• 1 " 

" 5 

- = 17 

Q„_, = 

2 









_ J 

X 1 7 -{- <S _ 

_ 25 

= K 

Q„-.= 

1 


I 

X 2 4 - 1 ' 

3 


C Q A2 2 5 

conse([iicntly, th(‘ a[i[)ioxnnatin^ fiactions ^ , ^ 

bet ween and 

I 9 


he 


( 3 ) Rciiuucd, the intei[>olatcd inictions 

Fr, ^ 3370 

Us 399 ’ 

ac, = h = 5 , 4 , 3 , 2 and i 


<ind 


i’» = 3370 

I>„ -, = 519 

l’„- . = 7 C> 

l’„ _ 5 X 549 + 7<J ^ 2S21 
(> 5 X (>s + 9 334 

1>„ _ 4 X 549 + 7^ ^ 2272 
(j/: 4 X 65 + 9 269 

l’« _ 3 X 5^9 + 7C ^ 1723 
e« ” • 3 X 05 + 9 204 


<J« = 399 
Q «- 1 = '‘5 
Q« = 9 

P„ _ 2 X 5^19 + 7(5 _ 1174 
(J;, " 2X65H-9 ~ 139 

l\ _ X X 549 + ?(> _ (5^5 

(J./ J X 65 4- 9 ~ 74 


the approxhn.iting fractions 


, 625 


76 


74 
3370 


thus he lietwcen ^ " and 

9 339 


1174 1723 2272 2K21 

139’ 204’ 269 334 
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The Calculahon of Change- Wheels 


Application — Determine the compomid fraction and the 
approximating fiactions of the numbci 2*539954, so as to 

25*4 12*7 

obtain another piopoition as 01 foi expicssmgthc 

inch m cm 

A _ 2539954 i 


The indicatois aie consequently — 

2, I, I, 5 . I. 3 . 8, 2, 3, 2, 1, I, etc. 

I 2 3 5 28 33 127 1049 2225 

I I I 2 II 13 50 qi3 876 

The following and the approximaltnq fiaclions can he 

obtained by interpolation between fractions and ' 

n 50 


Po = 

127 


Qi. = 

50 




^^0 ==■ 

3 

p. = 

33 


ip 

II 

D 3 



a 

(1 - J = 

2 anil I 

IT- 

28 


O4 = 

1 1 






P« 


p„- 

. + P„ 


2 

X 

33 

+ 2<8 

94 


an 

Q„- 

. + Q„ 

— Q 

2 

X 

•3 

+ 11 

II 






- ^ 

X 

33 

4* 28 

_ 






1 

X 

13 

+ n 

“ 24 


By interpolation between = 3 ^ and = ^o4C) 

13 (J7 4 > 3 ’ 

following can be obtained — 
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+ l’«- ■ _ > X 127 4- 3^ ^ i9o 
* h Of *i/! 1 + - • I X 50 + 1 3 93 


_ 2 X 1 27 + 33 _ 2cS7 

2X 50 4-13 ~n 3 

^ 3 X 127 + 33 ^414 
3 X 50 + 13 163 


,) X 127 + 33 ^ 54> 
4x50+13 213 

3 X 127 + 33 _ 668 

5 X 50 + 1 3 263 

6 X i27 + 33 ^ 795 

o X 50 + 13 3r3 


7 X 127 + 33_ 022 
7 X so + 13 ~ 363 


so that tlie following ap[)roxiinatin^ fi actions can be found 


lictween and vu 

13 413 


160 287 414 541 668 795 
63' ri3’ 163' 213’ 263’ 313 


and 


922 

3^3' 


A fm Extviipli's in Condnstov. 

(l) It IS icquiu'd to cut f, thieads pel 2}^ in Lcad- 
si lew ^ fiu h pilch. 

Pitch to l)c cut = Lcadsciew | inch pitch 

U 

Solution : — 

2il 

•3L 2 1, I X 2 _ 4 3 X 2 X 3 43 _ 43 _ 

"T "3^ ' 7x16 ”7x4” 28 

No wheel with 43 teeth Is to 1 )C foiinil, and the numbei 
43 Ls indivisible. It will thii.s be neccssaiy to fincl an appios.i" 
inatinp fraction. 

Compound fiactioii = 1 + 

I + 


I 
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The Calculation of Chanoe-lVhccls 


Inclicatois , — i, i, 2 , 


(h 


1 Pi = I 


(f - 1 




1 


^0^ 


P.j = 1 X 1 + I = 2 

(h = 

I 


(j., “ 


= I ) 

Pj = 1 X 3 + 1 = 3 


1x1 + 1 = 


U.1 ■ 


= 7 

p, == 7 X 3 + 2 = 23 

Qa - 

7 ^ 3+1 = 

15 

u* 


0 

/ 

1*6 = 2 X 23 + 3 = 49 


2x15+3 = 

3 ’ 

Ui. 


Intel polating between ^ r 

ind 

32 






1,, I 4 " 1 7 / — T „ 

3 X 23 

+ 3 26 

ohlnUK'd 


Q„ 

” rf„0"-- + 0"“- 

1 X 15 

+ 2 17 




43 

28 

rn 

II 








15 

i‘) 


^ = I 5312 which IS 0 0045 loss than tlio actual liaction 

26 ^ 

^^ = 1-5294 „ 0-0063 

This diffeicncc occuis in cvciy 2 thionds, so that tlio 
actual cliffcicncc pci pitch is only o 00225 

appioachcs most closely to those two, so that the 

wheels will consequently be 

49 _ 7 ^ 7 _ 70 ^ 70 

32 4x8 40 X 80' 

(2) Rcquiied to cut a pitch of 3-7 mui. Leadscrew 
10 mm. 

Solution : . 

100 

Thcie being no wheel with 37 teeth, and the number 37 
being iiidivtsihle, an approximating fraction will have to lie 
found. 
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Vl 

Compound fiacliou =: * 

‘ T t\r\ 

C) -f 


100 


+ 


I 4 * 


+ 


+ 


1 + 


huhcatois d\c thus o, 2, i, j, 2, i, 3. 


tfi — o 


r, u 


0, 


, r. rr U X 2 + I ~ I O'J = 2 


tr,i - 1 J i’, I X 1 + o = I 


Oi - 2 


‘t[. - 2 1 I’r, 


fCo = I 
rr, - 3 


2 X 1 + 1 = 3 
2 X 3 + I = 7 
IV, =• 1 X 7 + 3 = 10 
P, r= 3 X 10 +7 = 37 
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0 ;i = 1 X 2 + I = 3 
0.1 = 2 X 3 + 2 = 8 
Or,= 2 X 8 + 3 = 19 
0 « = I X 19 + 8 = 27 
0? = 3 ^ 27 + 19 = 100 
10 


Qi I 
l\ ^ 1 
Ql 2 

P. ^ I 

Q, ! 3 

Q* 8 
7 

Q5 '9 
IV _ 10 
Qo 27 
P7 ^ 37 
Q, 100 


The apiHoximatin^ fuiction = 3 ‘704, which only diffcis 

from the actiuil fi action l)yo ’004 mm. pcrlluc.id, may thu.sbc 
accepted tor ,ill practical pui poses, 

10 _ 2 X S _ 20 X 50 
27 ~ 3 X 9 “ 4S X fx)' 


{j ) T/ip Proof of the Smn. 

The comparison that 6-5 in. = 165 mm., or an adopted 
fiaction, is not perfectly accurate, .Should it be desired to 
liiid out to what extent the fraction which ha.s been arrived 
at, and, consc<piently, the thread to be cut, deviate, this can 

E 2 
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llie Calmlation of 1 I f/re/s 


bo done, when a mctiic thiead has to bo cut on .i lathe havnio, 
an ICn^iish leadscicw, by multiplynii; llu' numeiatt)i ul 
fi action by the pitch of the leadsciew m mm 'hiu* jao 
duct thus obtained sliould coincide with tlu' ])i<Hhul ol the* 
ilenominatoi of the fiactton and the pitch to lx cut, oe 
numcratoi X pitch of leadsciew in mm. === denomimitoi x ])ilch 
of thiead to be cut 

Nnmeiatoi, denominatoi and leadsci env [Utcdi lx nu; known, 
tlie pitch of the thiead to be cut <Mn <onse(|uenUy be dtlei- 
mined 

On pay;c 28 the ji action has bum lUdei mined loi 

a pitch to be cut of 2 mm, and a Usidscunv oi 2 tlmsuls 
[)ei inch 

The pioduct of numciatoi anil IcMilsuew ixU h m num is 
thus 26 X 12 ’69975 01 26X 12 7 = 330 ’ 2 . I'hts piodiut when 
divided by the denominatoi of the iiailton will <o\i llie piUh 
m mm to be cut with the wheels deteuumed on, thus, 
330’2 : 165 —2 001 mm The piti h is eonscpuently exait 
to within 0*001 mm. 

7 X 13 _ cji 
11x20 "20 

is given on page 29 foi a pitch of io\ mm , with a leadsennv 
of I in. pitch 

9tx-5 4 _ 4 ^ mim 

230 320 

The pitch is theiefoie exact to within iroofjj mnu Pxdh 
these diffeionccs may piactically be rogaided as of no tonse- 
ciucnce 

In the case of a lathe having a metric leadsciew on which 
luiglLshi thiead is to be cut, the denominator sliould be 
multiplied by 3 *5^ The numeialor wltcii divided by the 
pioduct thus obtained, gives the pilch to be eul in iuehes. 

On page 24, the fraction for cutting fi threadh pm Inch 

with a leadsciew of 10 mm, pitch is given as . 

6x63 

If the denominator be multiplied liy 3 *5.1, the lusnlt will 

be . ^ 165 _ 

6x65x2-5^ 990*6 
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for Screw-iuihng on Lathes. 

IC.uh pitch cut IS thus o- 1665656 in 
'I'hc exact pitcli = 1 111. =o-i6 in, so that the thicad 
cut ilhfois only by o'oootoio in 

Note, that when cuttini> mctiic thicMcl with an Eiuihsh 
leacLscicw, tlic thiead cut is a fi action too coaise, whilst, on 
the contiaiy, when cutting English thiead with a metiic lead- 
scicw, the thread obtained is a fiaction too line. 


{k) Fixing up the Wheels 

It IS not always possible to fix up the 4 wheels in the older 
of sequence given in the examples. 



Fis 10. Fig. II 


The following fiaction may, for example, occui . 

125x55’ 

in which ca.se the wheels must be placed as jicr Fig. lo, 
although the wheels 30 and 5 5 cannot mesh. 

'I'lie fraction can, however, he ai ranged in another order of 
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The Calculation of Change-Wheels 


oQ X cjo 

sequence, viz which makes fixing up possible (see 

Fig. ii), but care must be taken that the wheels of the 
numerator are nevci placed in the denommatoi, oi vne ve; w?. 

Should simple changing about of the factors m numeialor 
and denommatoi, oi one of them, be impossible, the fi action 
IS then resolved into the lowest possible factors, and another 
combination of wheels sought for, which will give the same 
pioportion between numeiatoi and clenomniatoi, as, for 
example 

30x50 ^2X2X3X5X5X5^ 30X/|() 30X.|C) 
55x125 5x5x5x5x11 55 X 100 sox HO 

(/) Thread-LUttnig zoith Double Couipouud Tram, 

Should it be iieccssaiy to cut a tin cad consuleiably cotiiser 

01 finer than that of the leadsciew, it can easily happen that 
the necessaiy wheels aic lacking. 

For example, to cut 56 tin cads pei inch, leadsciew 

2 threads pei inch. 

r} TQ V T C 

The fraction is ^ A wheel with 10 teeth is 

56 70x120 

lacking. If the numciator and denominaUn of the fiaction 
aie once again multiplied by 2, a wheel with 140 teeth is 
obtained in the denommatoi, which is also not at hand. 

In such a case, the numeratoi and denommatoi of tlie 
fiaction aie lesolved into 3 factors, as, foi instance • 

2 _ 20 _ 2 X 2 X 5 _ 20x25x30 
56 560 5X8X1^ 70X75X80* 

Example: To cut 48 threads per inch. Lead-sucw 2 
thieadb per inch. 

Solution 2x2x5 _ 20x25x30 

48*^480*^5x8x12*^60x75x80* 
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(;//) The Cutting of Left-lumd Threads. 

So faij it has been implicitly taken for planted that only 
light-hand tin cads had to be cut, it can, howcvei, happen, 
though not often, that a left-hand thicad has to be cut. Foi 
this pm pose, the leadscicw must lotate m an opposite diicction 
to the lathe-spindle This is obtained by connecting up an 
idle wheel at will. In double tiansmission, a fifth wheel (idle), 
chosen at will, may also be intioduccd 

A number of lathes have been constiuctcd of late which 
rendei the connecting-up of an intermediate wheel un~ 
necess<iry. With these lathes, all that is icqimed is to shift 
the icveise-plate at the hc<idstock which reverses the move- 
ment of the pinions which duve the change-wheels, thus 
causing these wheels and the leadscicw to lotatc in an opposite 
direction This is a decided impiovcnient, as theic is not 
much space to spare when five oi six wheels arc on the shear. 
With a double compound tuuii generally the larger numbci 
are only small wheels, but with foui wheels, however, every 
proportion is possible, so that the placing of a fifth wheel can 
sometimes be vciy troublesome. 
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'Flu' CahuL’tion of (fianiie Whcjs 


C'1IA!''1'1';k 111 

'I'UKhADh AND IIIMK lUNSlUlK IKtN. 

(rt) Fonn\ of ffhotuf 

Tiikrk rue dilfeunit foiin'. nl thre,ul, ,i lew nl uliiilt .ue 
illustiaU'd in luf^s. 12 15 

Fif(. \2 dunv^, the Vee Hue, id in il>, I'.enei.d fniiu. whit h is 
coiKSti acted in diffi-renl types, .tml is nnist olten met uitli 
Fij-. ij illii.slialcs the stmaie m Ikl thiead, the setthm of' 
which IS cilhei a .stpi.iie m a liyht atiyic, ami whit h is much 
in use for laijyi diaineleis ami tuaisei tint ads. In h'lj; 14 , 
tlic tiapeziuni thieatl is seen, the stetion ol wlin'h is a lupe' 



13, 14, IS* 


ziiiiii, much in voy,ue lor the leatlmrews of l.if lies, tin woini 
being also a tiapezium tlneail. M,... is ihe i.atml tlnisitl, 
lounetl by the inlej.seclion of st'inieireies. 

Vciy little need he said with refereiue to the last thiee 
lyjjcs, for which it is impossible to spnalv ot any one .system, 
the form ol the scctiou being ihpemient tin t in umstanee.s, 
and deteimincd by each individual at will 

Different vaiietie.s, however, e.Kist of the Vee tlireatl. 

(/>) 7ji/>fs of r/iruiih. 

The type chiefly eniployt'd i.s certainly the Whitworth 
system ; h'ig. 16 .shows the construction. 

The depth of the Whitworth thread i.s ef|ual to of 
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Iht pilch, the sides of the thuMcl founinu, an aiinlc oi 
wdh lop and bottom lounded thioimdi I of the line //, 
drawn pei pcaidicnlai fiom the .qiex of the tiiani^lc to its 
base, tlu‘ ladius of loundinn, benu’ e(|inv<ilcnt to o*i (3 h 

Not only IS the sectional fonn o( the Wiiitwoith thiead 
dcfnntely fixed, but also the numbei of thieads pei inch loi 



h 0.96 S 


all (hiuneteis up to and incliidmti^ 6 inches, and this has been 
fixed at ftoin 20 2] threads per inch. 

The sectional foim is pieciscly simdai foi the finest as well 
us the ci)<u‘sest threads, and it is for this icason that the exact 
dimensions and strength of the thiead aie determined by the 
simple determination of the outside diameten 

Taik.e 1,*— WinTwmcra Thkeau. 
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Tcible I. i^ives tlic vMiious iliiurnsioiis t)f thr WhitwoiH 
thicacl 

A Wliitwoith thu'.ul of ifitaiii thiiuaisioiis (Mil d\sn ht> (u 
1)11 d ctJiisuloiahiy ldp*ci uiUMtlt^ thanu'lrr, the* i‘\dU stuaii’tl 

01 the tlucad l)cnii» livetl by siinyl} del i‘j unniii*; whirl 
dimension of tlu‘ VVhituitrth sy^dcan is UH[inieil 

Table I loVcs not only the dulsith* dianudta; !)ul also tlu 
diametci at boUiim ot tlnead, so lliat tlu* lu lyjit oi the thuaul 
can be amved at by subtiaauiy the lattta horn tin* lotmei, 
and divuhn,t* the ddfeuaus' by two 

When cutting ihieaiis on the latliM whu h deviate in 
dmmctei fioin this system, it is neta-.saiy to kiiow^ tlu* depth 
of the thiead both loi tultnu> inside aiui outsid(‘ thieatls 

The depth ol tlu* tlnead < an tilso be airived at by a simple 
calcuLition 

Foi this puipose, jnsl look at h'tg. Kh bv dmwitu; a 
peipendicuUu iioiu the api'x ol the tuanpj<s a uithl-anyletl 
tuangle is formed, the smallest angle of whuh is (spial to 
5S"-t- 2 - 27'’ 30b 

Tang. 2/' 3cf == O’ ^2. Theiefote, if ilie long side of the 
light-angle = l, then the short side ^1*52, and the liasc of 
the triangle of 55” - t ’04 

This base ns, however, ts|ual to h, ias tlir piidi. 

Whence it follows that /i i H ^ t : i *04, or ooyi : l 

The ical depth of the tluead is, however, only 3 //. So 
that the latio betwiam tile deptli oi the tluead aiul the 
pitch Is ec|iial to Jf // : S (ooy) x : t « 0*04 : i thus 
equals 0*64 S, 

If wc take the outside diametei I), the diamciei at tlu* 
bottom of the tluead tf and the pitch S, then, 1 >-- 

2 X 0*64 S, or d ^ 1 ) — ran S 

The gas thread imivcrhally atlopied by tlu* pipe tiade, givmi 
in Tabic IL, is also according to the Whitwuith system, and in 
1903 was also adopted as tlie stmulanl IhrtMd for pipes mid 
fittings for gas, water, and sieaiu by tlu* Assudation of 
German Engineers, the Association of (kiriuan Flmnbers, tiic 
Association of the German Central Heating Indusir)^, and 
the Union of German Pipe Manufacturers. 
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On the olhci hand, in the autumn of i^()8, an attempt was 
inad(' by niimbei of inlliieutial associations ol Continental 
t^npiu'cis, assembled in conipess tit Ziuidi, and including, 
timoiupn otluns, the Association of (joiman lui^inecis, the 

I on 1 11 WiiiuNuRiii ScuiwtN(. aSiivKAn, 
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The Calculation of Cha7ige-W heels 


Swiss ■•Association of Machine-Tool Makcis, the Society for 
the Encouiagemcnt of National Industries, etc., to replace 
VVhitwoith system, which is based on the English system 
measurements, by a metiic thiead, and it was unanimou-sly 
decided to adopt the S I thread (“ Systeme International ^ 
as per Table III 

Owing to the univeisal application of the Whitworth 
thread, the innovation makes but little headway, thoiig:h> 
especially of late years, this system is being more and moro 
used on the Continent, especially by the Automobile Industry, 
for thieads cut on the lathe. 



The construction and form of the S I thread is giveo ixx 
Figs 17 and 18. 

The apex is an angle of The section is consequently 
an equilateial triangle 

Hence it follows that the pcipendiculai dropjped from 
the apex to the base, is equivalent to 

V^(s^~(2y)=/^ = o-«66S. 

The truncation equals \ h^ so that the thiead has a height 
of 0’75 h, 01 o 6495 S. 
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Whilst the Whitwoith till cad bcais not only at the sides 
but also at the bottom, the S I lliiead, on the contniry, has 
a play at the bottom of, at the most, //, cipuvaicnt to the 
lialf tuincation, the rounchncf of the thiead is equal to the 


^1 



Fig i8 

play, the radius of the loundmj^ m this case being h The 
rounding and play amount, as is gencially <iCGeptcd, to at 
least /a Loewe stakes an <ivoiage foi this, and fixes thi^ 
play and xoundmg at k 

The outside diametei of the malc-scunv is thus smaller 
than the diameter at bottmn of the thread in the nut, and 



Fia 10. • 

viceversd, the diametei at bottom of the thread of the male- 
screw is smallci than the outside diameter of thiead in the nut. 



62 The Calculation of Change- IT heel‘d' 

If we take the play a, then the actual depth of the thiCiid 
of both male-sciew and nut equals o 75 ^'' + 
play at its maximum, equals li, tlien the hciqht equ.als 
0-0625 /^ + 0-75 /i! = 0-8125 /qoi o 703625 s = ~o-7S. 

The Lowenheiz thread (Table IV) is in qeneial use up to 

TAliLh IV— LoWI'NHLR/ TlIRIi^AD 


Dim 

Pitch 

Diametei 
at Bottom 
uf Thread 

Diaru 

Pitch 

Diaiuctci 

It Bottom 
of I hi cad 

J)i im 

Pitth 

Di iim. lu 
it Bottom 
of Hu ( ad 

mm 

mm 

mm 

ram 

mm 

mm 

mm 

mm 

ram 

I 

0 25 

0 625 

2 6 

0*45 

I 92^5 

5*5 

0 9 

4 t 5 

I 2 

0 25 

0 825 

3 

0*5 

2 25 

6 

I 

4 5 

I 4 

0 3 

0 95 

3 5 

0 6 

2 6 

7 

I 1 

5 35 

I 7 

0 35 

I 175 

4 

0 7 

2 95 

8 

l 2 

6*2 

2 

0 4 

1*4 

4 5 

0 75 

3 375 

9 


7 05 

2 3 

0 4 

I 7 

5 

0 8 

3-« 

10 

1 4 

7 9 


a diametci of lo mm foi instiuments of cvety dcscuption, 
especially m Gei many and Swit/ciiand, and in sciew works, 
the scicws are almost exclusively made by ibis system 

The construction of the Lowcnhci/ thie<ul is shown in 
Fig 19. The apex is 53"* 8' 



This angle lesiilts from k = S, The Ihiead is tumcated 
flat on the outside diameter and at bottom with a ^ truncation, 
so that the ical depth of the thread is £= 0*75 //. 

The Sellers thiead (Table V.) is an Amcucan thread, con- 
sti acted as pei Fig 20 
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on 
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tioti, consequently 

t = 2 and 0*75 X o*866 = 0*6495 S. 

The thrcail which resembles the S. I. tluead veiy much 
has, however, no play and is divided accoiding to English 
measuiements. 



Although largely displaced by the Sellers thread, thcshaip 
V thiCiUl still exists and is used in America. (Sec Tabic VL) 
The section is an equilateral triangle not truncated. 
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The B A. S (Biitish Association St<inc]<iul), as pt‘r 1 ablo 
VII, IS an English Ihieacl much used in bmgland foi smews of 
small diamctci, especially foi clectiK fitUngs, aju \, 

Fig 21, IS an angle of The thiead is tiimcaU'd, and 


Taiili‘ VI •— SuAKr V I’lnn ad 


ISTiirnbcrof Nmiibcrot NTiinihM of 

Dnnicter riueads DnmOci IIikuI, Oimutd IIik.uI himuDi jim ul. 
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top and bottom aic rounded, lcavinf> the dc])th of the tlitrad 
equal to 0 • 6 S 

In addition to the foicgoinq, the Dclislc, Sauvnqt', Acnie, 
and Thuiy systems aie to be met with. 

The total number of thiead systems eKccetls (ifl)-, Iml only 
the seven most used have been treated of heie. 


Table VIT B.A.S. Thread. 


Number 

0 

1 ^ 3-156 

7 « 


1 i I 

n) 1 12 ; 14 ' 

Dnmetei . 
mm 

6 

S '3 4 7 4 ’J 3*64 ^ ^ 

2-S i-.-.' 

i'-- 

*7 1*3 t 0*79 

Pitch 

mm 

1 

o‘9o 810 730*660 590*53 

<)' 4 « 0'43 

'o* 39 (j* 35 |u*«' 8 a* 23 a*D| 
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0) Sii exiH'Ntting Tooh. 

A tool usot! lot St icw**cutlin!4 nnist fust and foicmost be 
|HnftHlhMnu\ It is not to be looked upon as an oidinaiy 
tool, tioi ma\’ it be ipound on a stone winch dt)cs not lun line 

VVhtni lUttinit dei'p threads, whtdhei they be V 01 scjuaie, 
it ih always advisable to use septuate tools ioi ioughini:> and 
(inishinip 

The cultinjt an{>k‘ must he about 70'', whilst the tool must 
init bi' pointis! 01 senii-t nculai, but llattcncd at the cclqc 
(iMe.s. '^3 and 33), as otheuvise the angle will not be true, and, 





Kai. HI. 



at the sanu‘ tunc, it will be impossible to grind the tool 
accurat<‘ly Tht‘ tool must not only stand on its edge in the 
angh* B, h'ig^ 22, but the sides A A must also have deaiance. 
Tin* angle in which tlie thread lies on the work has also to be 
lakem into consuhuation, and the hne AB, Fig. 24, must lun 




Fnu a 


Fni. zCu 


at tin* same anghs Suppose that a i in. pitch has to be cut 
on a diameter of a in. d'hen, imagine C J), m Mg. 26, to be the 
angle at which the thread lies on the woik, the line ABof 
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the tool, Fig. 25, must thus run p.ii.ilU'l lo the hiK ( 1 ) 111 
Fig 26 This IS still inoic evKk-nt m the i use of siiu.iic 
thi cads with a coo ISC pitch, Fig 27 In thisiaso, llu ikaianic 



on the sides of llic tool must be difleitiit. Thv diauulei of 
the thicad on the top, as also the ani’k* of the Ihusid thete 
IS indicated in Fi^. 28, that M bottom of tlu* tluead in 
29, a anti heUv^ the eiunmderenee, 
c and e the pitc'h, which is the .same for lioth, 
<ind thcie aie conse(|uenlly tvvt^ anpjes. 
The hyiiotenust's <^/<ind e shtnv Uu* uuf^lc of 
the tluead al top and bottonu If the 
cleaianceof the tool is ioiu'ct un the h^p, it 
will be incoiuxt when at the bottom. The 
stcepei ih(‘ pitcln the nuut* noticeable this 
will be. Hie tool must have nuireelearancc 
on the ri^ht-haiul side for lu^ttom than at 
the top, hut less on the It^ft^lumd side. 
The tool must eonst*quently 1 h‘ pround in 
such a mannt'r that thi' npjit hand side* will 
have cnouph cUsiraiKi* iil l>(atom of the 
thread, wdiilst the cleaianee foi tlie leli** 
hand side must concui with the iinple at 
the top, that is lo say, foi a liplibhand thread, au in Inp,, ; for 
left-hand till cads 01 for internal threads the opposite comlitions 
will exist in icgard to angles. The tool must mci?rdingly be 





Figs, 28 and 29. 



Jor SirruHiitiu^o on Lathes. 

‘‘louiul nuluMlc‘(l in Fig 37, A B being the slope of the 
ught-hauil snle o! the tool, A C on the left-hand side. The 
uppei culling suilart‘ of the tool must lun squaie on the line 
AD. Whem (Uttmg an inside light-haud tlucad, evpything 
IS ie\(used, what is light-hiinded becoming left. 

Imu a Vee thusul, the tool nuisl be ground in accnulance 
with the aiu;le of tlu‘ system ol (he thicad. It nccxl scaicely 
bt* said that this must not be left only to eye 01 the loiigh 
(‘stimab' of thi' optnalou A gauge should be jHovided, as 



pet b\i\ ggving, the piemse angle. And yet, notwithstand- 
ing that it IS hu inoit^ diflicult foi a woikman to judge an 
aoi:ie with llu e)e than to guess a ceitain 
would e\ei think of peimiUing an opeiator to estimate a 
iiutain lemph whthont using his rule, it is an exception when 
the opeiatoi is piovided with a suitable angle gauge. 

// /s u/fer(r impossiHe that a thmui can be true when the 
ifentfoi imjnd:ieii the anpje ej the tool with his naked eye. 



This [muge fulfils a .second, and not less inipoitanl, 
purpose 'isven though the tool he giound to the precise 
angh% it is stdl possililt' to cut a wrong thread, foi the tool 
must be so placcal in the holder that an imaginary line dntwn 
pel pciuhculafly troui the apex of the triangle to the imaginaiy 
Imse, tnuhi also bill perpentlicuhirlyon the side of the cylinder 
on* wdtich the thread is to be cut. Not having Ihi.s gauge, 

2 
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the opeiatoi' judges with his eye the position in 
thinks the tool should be placed But the most c 3 < 
vvoikman can make a mistake, it is not possible f'07' 
to be t! nc If the tool has been placed with the ixt 
111 the position which might icasonably be supj^^o 
collect, and this is aftciwaids checked with an nn 



it will almost invaiiablybe found that the position i‘ 
The icason is that the two lines forming the angs-Jc ■ 
vciy shoit in piopoition to the othei lines of the troi 
being consequently deceived 

In Fig. 31, at A, is shown the manner of gaugg-ing 
to which a lathe cciitic should be tinned , at B, tl 


' I A A A A A A ' * 
T V V' N/ X' V I Xf X/ 



FIG. 33 


which a screw thi cad- cutting tool should be g'roi 
C, the concctncss of the angle of a scicw Lhie.tcl a 
In Fig 32, the shaft with a scicw Ihic.id is 'snp 
held between the ccntics of a lathe. By apply 
as shown at D or E, the thicacl tool can be set £xt; 



far Strcw-attlmg oh LatJiei,. 69 

(<) tin- sh.ill, .iiul llu'u fastened in place by the bolts m the 
tool [)ost, llu'U'by avuidiu” iiniJcifect 01 leaning thieads 

I*' I’'". 33. nf b' ‘iiid ti, the mannei of setting the tool for 
< ulliug Intel nal thieads i.s ilhustiated 

(^/) Cutting the Thread 

As [iieviously stated, it is always advisable to begin 
euUing a thiead Ih.it has anything like a deep curve with a 
loughing tool which us at a cutting point and which need not 
be giouiul piecisely to the angle. 

The thic.id should aftei wauls be gone ovei with a 
finishing tool When engaged in cutting shallow threads, the 
tool Clin cut on both sides at the same tune, and it can be 
put exactly on the diiection of the shaft. With deeper 
thieads, 1.0. ipiick pitches, this is no longei possible. Cutting 
with iioth bides of the tool at the same tune causes it to snap, 
the thiead is lOugh, and veiy often it is impossible to continue 
working; the tool should, theiefoie, woik but one side at a 
time, should ficquently be set slightly in a paiallel diiection 
to that of the shaft, and diicctly thcie is any play between 
the tool and the thread, it must again be set squaie on the 
direction of the shaft. Each time that the tool has gone 
completely ovei the thread, it should be withdrawn and again 
set in the oiiginal position at the commencement, though 
increased with the amount cut at one passage 

Juir this pill pose a giaduated collar is provided to the 
feed screw by means of which the traverse movement can be 
read, and by which the tool can be set in the exact position 
every lime. 

The opcidior foinicily got out of the difficulty by iiiaiking 
the position of the screw spindle with a piece of chalk. 

On kilhes of up-to-date consiiuction, the giaduated collar 
is now always to be found on the scicw spindle. 

A very practical consiiuction is shown in Fig. 34- 
Advantage is hcic taken ol the movement of the two balf- 
uuts when opening and closing, to withdiaw the cutting tool 
Irom the cmve, and vm vem% back again to the exact 



70 


The Caluilafioit of Chan^^e-Wlmhs 


position, so that instcdcl of luivin^ U) cany out vanous 
tions the end of the thicad, a siini)lo intjvtauont ol a 
handle is all that is leqiiiicd. 

The constiuction is as follows Ovta tlio two hah mils 
which move imdci the cania*4cin the s*um' diKitiun as tlu 
ciobs-shdc, and aie opened <uid closed by a dmihle nj’JU** aiul 
left-hand sciew, is placed a Pl-shaiied slide lived t>ii kntths of 
the upper poition of the half-nuts, d he sut w spmdle of ilu^ 
cioss-slidc fits in the uppci [loifion of tins slide on tin* luie 
side by a turned up cd^c‘, and on the oihei liy lod-nuis 
The scicw spindle must conscapienll)" follow tlu' mmmuent of 
the slide Holes aic dulled ni^hl tluom’.h tlie piojeitine, 



paits of the half-nuts, and th(‘ slide. A st ecd pin his i Ir isel\^ 
into these holes. Oblong holes, in which the pin luis uir 
boied in the cauiage for .same. 

Before beginning to cut inlcnial or c\tcinal tlncails. tlu- 
pin IS set in the foiemost oi hiiulinost nut, so (h,il the h.iU nut 
thiough which the pin is placed i.s coupled with tlu* slide in 
which the SCICW spiiitllc fits, and < oiiseipu’ntly they imist 
follow the movement of the half-mit in ipiestion together 
with the cross-slide and tool. It is woiked as lollows ; As 
soon as the tool has aiiived at the end of the tltreiul. the 
half-nuts of the Icad-sciew are opi'iieil and by this means tlic 
tool is withdiawn fioiu the thread The cariiage i.s then 



for Sire^io^iuttuio on Lat/ic.s. 


1 ^ 


Htuntcd hv hand hy tneaiis the pinion, the tool set so 
nuiih hiithei ui with the stiew spindle as it is desiicd to cut 
dc‘(‘pin, <uid the halt-nuts aie closed a^ipiin This causes the 
tool to lesunu' Its tnitpnal position, only cuUini> the uuLleiial 
so imieh deept'f as it has lieen set lailher in by hand. If no 



tde tS. 


tinead ts ti> Ih^ cut, the connection between the slide and hall- 
nut is bioken by willulrawiip^ the lockiuf^-tiiii, and the slide is 
coupled to the eioss-slule by inseiliiii^ the pin in the hole 
boil'd thuni^h both slides 

When screw cutting,, this auangcinent lesults in a decided 

I 



tons, \() 39* 

savint? <’{ tune, besides preventiiyt> the possibility of mistakes 
udsint4 from msertin|» the tool eithei too far or not far 
enough im 

There should be an outlet for the tool at the end of the 
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tbiead If the diamctei is sufficienUy luj’C to it, 

an entile circuldi g-ioove should be lutned, ^5 If, ioi 

some reason 01 othei, a ciicuhu i^ioove is not ]k>sm1>1c, a 
suitable outlet, as i)ci Fii>s 36 39, must be dulled foi vee 01 
squaie thicadb Bcfoic connnencinq cuttmi', the tool should 
be bo hxed that it will anivc just at lliese holes. 

It was foimeily the custom to udiiin the uuriaq<‘ when 
the tool had gone over the thusid, by levtusiiuj tlu‘ move- 
itient of the lathe But with the piesentMlay eousuiulion 
of the lathe, by which it is possible to U‘tuin the iMinage 
quickly by hand by okmus of the handle, the hali-mits aie 
opened and the caiiiage leturned by h.uul If flu* tincad being 
cut is of the same pitch as, 01 <in <dit|uot pail of the pilch of 
the icadsciew, the half-nuts can be diopped into migiigeinent 
at any point of the leadsciew without any ddficulty, the tool 
always ictuining; to its piecise ])ositioti in the lliusul This 
IS, however, not so when the numbci of thieads pm inch aic 
uneven 01 bioken, and othei mcsins must Ix' adoptml to ensuie 
the tool ictuinmg to its precise position in the gioove. Coiw 
sequcntly, when staiting to cut the tlnead, a stop, 01 tiuuking 
line, IS placed on the heel, the half-nut idosisi and a tdialk line 
diawn on top of the leadsciew, and anollut dialk line at the 
fiont side of the chuck-jilaic. When the tool lias innw nvet 
the thiead and the caiiiagc has been letuuuMl by hand as far 
as the stop or tlie line, the head spindle is tunned lomul till 
both chalk lines are again in Iheii orqpnal positmn, tin* outs 
closed, and the tool is once mou* m its piecise plaie in the 
path which has just been cut. 

This compaialively lroul)U*home and pimniive manner of 
working is done away with, if the cauiaqi^ is piovklcd with a 
thicad indicator as shown in I^'ig 40. 

The following is the pnneipU' of this attac hmeni : A small 
worm-wheel runs on the Icadscu'w, and by nusuis ol a pinion 
gcaung, causes an iiuliculor to move on a liuailar indc^c** 
plate. All that is now necissuiy is to iiolt' the ptjsitiun of 
the indicator at the starting point, attei which, the iialbmith 
can be closed, and the tool will coim* pieciscly in the path 
each time the indicator resiunes its original ptHition* 
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[o) 7' he Cititiug of Double or Mill tipla Threaded Screzo^s 

Ihc cutUn <4 of cU)ul)lc oi multiple Ihrcadcd sciewb causes 
a [^ood deal of liuublc, as, in addition to cxcicisino oidinaiy 
uiie that the thicad cut is tine, aiiothci most impoitant point 
has to be taken into consideration, viz that the setting of the 
tool IS also exactly equidistant The manner of working is 
suiulai to that foi a single thiead, but caie should be taken as 
i'di as possible that when cutting a double thicad the spindle 
wheel IS divisible by two, and foi a ticble thicad by three 
After the fust incision has been made to the lequned 
depth, the tool must be shifted exactly to the ccntie between 



two threads for a double, and to one-thiid of the intei mediate 
space for, a treble thicad The distance the tool is to be 
shifted should, however, nevei be mcasuied off, as this can 
novel be exact, but mUvSt be obtained by mechanical means, 
either by tinning the woik-piece while the Icadsciew is 
stationaiy, or by turning the leadscicw while the work-piece 
remains stationaiy, If a double thicad has to be cut, one 
of the teeth of the spindle wheel coming between two teeth is 
maikcd with chalk, as also the two teeth which the tooth m 
question engagei?. After this the spindle wheel is bisected and 
this tooth is also chalked ; the spindle wheel is then leleased 
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from the wheel it engages, the spindle is given half a tuin by 
hand, so that the opposite tooth conies between the two 
maikecl teeth, and the two wheels aie once inoie engaged 
If the spindle wheel is not divisible by two, then this must be 
found on the wheel on the Icadsciew, but the pitch of the 
thiead to be cut must m this case be taken into consuleiation 

Foi example — A double tin ended sciew of 4 thieads pei 
3 inches is to be cut on a lathe with a le<idsciew of 2 tlucadb 
per inch. 

The fi action is 4 “~ ^ 

i e SO 

The spindle wheel is, howevci, not divisible* by 2, and as 
the factor 3, which is indivisible by 2, will invainibly be found 
in that wheel, 4 wheels aie used so that the factoi Scan be 
placed in the intei mediate wheel 

75 _ 100 X 60 
50 ~ 50 X 80 

If there is any reason, for instance, with heavy lathes not to 
turn the spindle but to shift the cainage by turning the lead- 
screw, this IS accomplished as follows foi the abewe example — 

Pitch = in The carnage must thus be shifted J 4- 2 = 
I in , the leadsciew has a pitch of i la, and so must make 
I revolution, the wheel of the leadsciew has 80 
teeth, and consequently 80X7? ~ 60 teeth must be moved 

If the same pitch is to be cut on this lathe but foi <i thiee- 

thread, then the first-mentioned wheels, are the best to 

SO 

use , the wheel with 75 teeth can be divided into thiee, and 
25 teeth turned each time, 

If it IS desired to move the cauiage, this must be moved 
T - 4 - 3 = 4 leadsciew make levolution, and the wheel 

with 50 teeth be moved SO X - 23 teeth. 

For example, — To cut a pitch of i J m. Double thicaded 
screw Leadscrew i in. pitch. 

iL=: ^5 _ 100 X 6 u 
I 8 40 X 80 * 


Solution 
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Im>i d tU)iil)lc Ihic.uhxl scicw, tiic spindle wheel is divisible 
by \ 

j V ^ o ^ in The leadsciew must thus make ] I 
- I rt'VolutioiL 

III X Ho = 75, The wheel on the leadsciew must thus be 
moved 75 teeth. 

!e\Mm])le.— To cut 6 thieads per 15 > tluee-thicaded 

sucw. Leadsciew | inch pitch. 


Solution * 



IS X 2 _ 75 X 80 
() 30 X .jo‘ 


h\n «i thiee-thiead, tlie spindle wheel c<in be divided into 
3 X 25 teeth 

The Canute must be shifted 3 == fl t that the 
leadsciew must make (] 4- J *== levolutions 

Tile wheel with 30 teeth is placed on the leadsciew, and 
30 X ^ so teeth aie moved = 50 S- 3^ ^ levoluUon and 

20 teeth. 


(/) 77/e Cuttuiii ifvefy Coarse Thread. 

When cuttini^ coarse thicad, a difficulty may possibly 
occur which will leciuire caicful consideration When the 
tin cad to be cut is coiisideiably coaiscr than that of the lead- 
sciew, the movement of the leadsciew must be appreciably 
(|iuckcned. There is, however, a limit to this, and th<,it is the 
iesistanct‘ olfeicd by the teeth of the gcai -wheels If the 
pitcli is too coarse, these will bieak off The extent to which 
Uu‘ pitch may bc‘ meuased depends, natuudly, entnely on 
the stien^th of the wheels supplied with the lathe, Generally 
speakin|.j, the pitch may safely be a four-fold of the leadscrew, 
anythmi^J exxeeding tins l)eins attended with considixable 
(hunger iuKl the off-chance of the teeth breaking. 

in order to permit thread to be cut which is many times 
coaiscr than tlmt ol the leadscrew, a gearing can be attached 
to the fast hcadstock, as illusliaied in hig. 2. 

The wheel 15 can be set in connection with the small geai- 
wheel of the double back gearing. If then the lathe runs with 
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double back i^cui, the lalu. <.( speed l.elwee.i tlu . one pulley 
and lathe spindle will be i S, Ui.il betuu-en the u u el . S .u>d 

the cone-pulley pnuon 3 and the wheel luwil uunphU 

4 levolutioiu. to 1 of the spuulle In the ease ol a lluea.l 
which IS foul tunes coaisci than th.' leadscaew. theu is a latiu 



/ua'irhATim TN£/owt Sf^umoartme 

In "b/zou tmrs r Tmems 
Off>C0i0MN*'R > 4 « 


^ 16 


■ 




iMi, |l 


of I : I hctwcoii llu‘ wIhh'Is, \vhl\4 Un a iIimm.*! vv^\hl 

times as coaisc, Lhcio is niily a r.lijn oi i : ^ Tallies 4% 4hu\i‘ 
that the teeth aie stitaij* taioia’li {(U a latui nt t : *mti that 
the Icadsctew has a I in pitth, tlum a | X*| X K nn pihit 
may easily be cut in this maniui. 



/or Si 1)^1 J^atJies. 


77 


( V ) 7 lit 'lit lid \y-N or ton Sv s' A in 

niu‘ oi the lu^M'st (lesi<;iis for s( rtnv-ciiliini^ is tliat t)f the 
[ItMidi t (»n s}sl(nn, ^\hiti3, by nusins of ,i tiain of i>eais 

pLutsi uiulfi .iiul at th(^ side tit the hcadstock, icudeis it 
I*«'vabl<‘ to iut a iiumhei ot thicads ot diffcicnt pitches 



, SHI OSUUI &OUHIY 

i MAOHNf 'Tfim Ul 

' riNitHmAooj u*^*A 
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wiUiuiit the necessity nt fixini»’ different chcinj^C'-whecls. 
dianye wheels, as they hiive np till now been undcustood 
in conneetitsn witli the lathe, have been entirely supeisedcd 
t)n a latlu* piuvided with the I lendey-Nculon system, it is 110 
lotepn netessary fix up or lake off chant^e-wheels, the 
variisUH wluads beiu}; shnidy and solely geared up in the space 
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formed between the spindle and the Icadscicw by the shifiint; 
of handles The calciilalKMi of change-wheels is aniseiiiiently 
a thing of the past 

But, ni this woik which ticats of the whole tpieslion of 
scrcw-ciitting in an abiulged foiin, a descuption of this 
system, which will ceitainly eonie inoic .ind moK* to the fionl 
in the stiUG^glcfoi cconomictd tools, and linsahtsidv bt'(‘n V(‘iy 
largely adopted, must not be missing 


cowr 

‘ Ilf /'!■ *iHM t 

1 



Via. 

Aruuigement t)f whe(‘ls m a Lodgi* nul Shij>l< y latlu, th<* Usl iKMdstut-k 
boing itMiiovol. 


On a lathe of this descuiitioii, sciew-t utting has Ihvu 
icdiiced to its simplest possible foum A thwer workman 
may, it is tuie, he quite capable of ealudatini; the wIuhTs 
leqiurcd to cut a certain tin cad (ptirkly, and can possibly 
reckon it out m his head, kut even so, the aetua! fixing up 
of the wheels seriously interferes with tlu‘ sternly pi ogress of 
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the woik, whilst the difficulty is at once doubled whenevci 
turning, dulling, and thiead-cutting have to be pcifoimcd 
periodically, as, with so many lathes, the attendant ciicum- 
stances <uc such that it cannot be arianged foi all at the 
same time 

The lathes imdci discussion aie constiuctcd in such a 
manner that a gicat vaiicty of threads can be cut without 
icqiiiiing the fixing up oi taking off of a single wheel 

In the eailici consti actions of this type of lathe, theic was 
invaiiably one gieat drawback, viz. that the numbei of 
pitches which could be cut was comparatively small (io~i2 
pitches), but this numbei has now been extended to fiom 
40 to 44 diffeient pitches. 

The foicgoing iliustiation (Fig. 43) shows the complete 
aiiangemcnt of the wheels 

This gives a cleat view of the bed, the fast headstock 
having been icmovcd foi the pin pose 

The aiiangement of the wheels consists of two sepaiatc 
groups of wheels The fiist gioup (9-1 1 wheels) is placed 
iindei the headstock, the second being in a closed box 
attached to one side of the lathe 

The action peifoimed by a woikman in geaiing up the 
wheels foi the cutting of diffeient pitches is cxtiemcly simple, 
so that aftei a biicf explanation it is sufficiently cleai even to 
«i novice, i?nd it can be executed so quickly that not more 
than fiom io-20 seconds aie icquiicd to change the wheels foi 
anothci pitch than that foi which they wcie geared up, 

An index plate is affixed to the gear-box, which is given 
on pag'e So in its exact size. 

A handle with pointer is placed iinclci the plate. This 
pointci can be moved over the entue length of the index plate 
and set in the middle of cithci of the fotu divisions of the 
plate. This handle is connected with the wheel indicated m 
Fig. 4X, by the number 862, which accoidingly moves this 
wheel with it , whilst imdci the holes in the headstock the 
numbers i 8 or i-ii appeal, accoidmg to the dimensions of 
the lathe. 

If, lor example, it is leciiurcd to cut 5,] thicads pei inch 
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the pointci is placed by mc<uis of the handle in the middle of 
that division in which the nunihei in (lueslmn appeals iindei 
the letteis Thds. (Thicads), in this paiticulai ease, in tlv* 
second division on the light hand side. On the same line on 
which the number 52 appears, the figiiie (> is to he found. 
The handle on the hcadstock is now [ihu.ed in the hole above 
the figured, and the wheels aie then -yaied up foi enllini; 
the desired thicad For all other thieads aiipearinp, on the 
index plate, the pioceduie is idenlkal. The topmost h. indie 
957 IS placed m the highest oi lowest position, aeeoitling a.s it 
is desired to cut left or light hand thread. 

We will now piocecd to give a detailed description of the 
constiuction of this gcaiing. 

Wheel 968 (sec Fig. /|2) is fast on the lathe spindle and 
engages wheel 922 (Fig. 41) wheiievet rig.ht -hand thread is (o 
bccut In this ca.se wheel 923 is idle, h'oi a left-h.ind thread, 
wheel 968 engages 923, and wheel 9.J.’ i.s e.uused to lol.ite by 
wheel 923, so that the ilirection of movement is just llu* 
rcveise to th.it in the fii.st case. Both wheels run htose on 
studs fastened in plate 920, and are shifted by the miiitile 
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hdxKlU' Wheel 922 cntTcigcs wheel 955 which is fixed on 
shtiU 95-h which IS conse{|ueiitly biouejit into motion. This 
sdme shdlt <^52 impaits motion to wheel 959, which, by means 
of a keywdy, can he moved in a tiansvcise diicction by the 
handle unch‘i the fast hcadstock Whecd 959 engii^cs 969 
which can be |^c<ued up, by means of the handle aheady 
icleued to, with .ill the dihcient wheels 651-659 undei the 
fast hcadstock, which wheels aie all fixed on shaft 662 , wheel 
961 consectueiilly mipaitin|4 motion to the shaft. Wheels 666 
and 067 dio dha ke) cxl to shaft 662. Wheel 862 (Fig 41) 
moViible by a keyway, is mounted on the leadscrew. Con- 
sctjiienlly the motion of shaft 662, tokvhich the geai-vvhecls 
ate keytsi, is tiansmilted to wheel 862 by one of the wheels 
606 01 067, vid two sets of double wheels 905 tind 906, both of 
wliicli sets die identical. 

This tiam of geais can be seen m the detailed dr<iwing» 
Im}» 41, to the Ich ol the side view of the fast headsLock. It 
should i)e noted that whirls 905 and 906 aic coupled, but that 
each set is imlepcndent of the othei, and can consequently 
lotdtc at diffeient sjieeds , this is, moicovci, appaicnt with the 
whole tiain of gc.us, seeing that, whilst wheels 666 and 667 
also coupliHl, and each engages one of the sets 905 and 906, 
the iattm- obtain vaiious speeds. This tnim of geais gives 
four diffiuent stieeds between shaft 662 and the leadsciew 

Wheel 606 eng, ages 905 and 906 on the right Wheel 667 
eng,ag<*s 905 and 906 on the left. 

By moving wluxd 862 on the leadsciew (this wheel is 
4ilso to be seem in the illustratiou, Fig. 43), an<l by changing 
handle 9(54, which turns on shaft 662 and to which at the 
Sana* time the two sets of wheels 905 and 906 <ire keyed, 
wliecl 862 can ho placed in fom different positions, x, 2, 3, 
and 4. (See detailed duiwlng, Mg. 41.) 

Whirl 9(!7 t?- yo6 and wheel 666 905 862. The 

proportion of 697 to 906 ^ r * x,of 669 to 906 ^5=5 2 9 so that 

if whei^l 8f?2 engagess 905 on the ught, the speed of shaft 662 

is doubled, seeing that " ^ » 2. 

1 X3 

If wheel 862 engages 906 on the right, the motion ol the 

G 
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shaft is tiansmittccl witlunit any vaiiation. ami ulun 1 < 4 'i< >>ii 
the ii.nht simply serves as an ullt* wIkh’!. It S'l * i ii';a'’.<''. utv, 
to the left, tlieie is a double leduelion in spi ed , li .Sr. » « n-se-. > 
906 on the left, the diininutiDii is lour Imu-s e. l‘im 

scqucntly, if the handle' on the fast Ix'ad'.ttnk is '.ot in opi nin*' 
No 9: 


Willi the (Kimti'i m inlmim 1, piulu*. 

„ „ i’, '/ 


|H't Ul) ll 


Will hn f nt 


In this manner, with n wheiis on shaft n(t\ 4 ) ilifhaout 
pitches can bo cut 





w c^r^m caffdK mmm : 


Hi 4\ 


The swing plate of the fast heailstoek is fuithoj -af fun 
stnictccl that, by setting up one whec*!, ilu^ speed ih thf Itsut 
SCI ew can once more be doubled, or liy rennwing tho saiiu 
wheel, it can l)e reduced to half as sh>w again, so that all tin 
threads appearing on the index table can lunv In* uU, \\ilh 
double or half the number per inch. Tht^ iTsvtm* In do m the 
swing plate can be cleaily seen in Ki|p 4t close to 

In the foicgoing iUiistraticms, Fig. 44 gives the etanhiiia- 
tion foi fine threads, h1g. 45 for coarse threads, whilst Mg. 46 
shows the position of the wlicel 955, 
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'Hu* itsu.il Is: Wheel 968 enpftigos 922, and 922 

ui‘:u*n‘s the wlu‘('l on sluifl 9t;2. For fine thieads, 968 
^ leseii’s o!2, and <) ’2 cn^at’es ()23, ronsc(|iiently 923 engages 
t>» f, H‘lueli a double whed with 925, the propoitioii between 
litem btdm; i 2, Finally, 923 engages 955 Wheel 955 
doe\ not tnip,:upM)2\ hut Is moved a wheerb width to one side 
(See Ki|». 46 ) 



ow/? 

i iiff r/m t % rm mMms, 
w mm /? im's rm 

wmn a/rrws rm v 1 
Tm£ 4 m or iNO&x 

FliU 46. 


jM.i runis.‘ enfragcK 923, and 922 engages 925, 

<n!i-,09uently m 24 engages 923 ami 923 engages 9?5. Fiotn 
,1, e,ueUil ioiViideration ef lliesc two combinations foi fine and 
iitai.e liiieads, it will be seen that wheels 924 and 925 on 
I be one suit:, ami wlicel 923 on the other side, are mutually 
jjiteteha«|',eti isn the two eases. ^ 

St» hu it has only ht'on multiple.s or (factions of an mch, 
.« botli, which eoubl he cut in this manner. Should H, how- 
.•vtivbe iiceesHury to duviato hcrefiom for any special pitch, 
uthei threatls than (hose of the ICnglish .sy.stom can also be 
ent by 4 terlaiii proporlion lietwccu the two whccl.s 924 

■>-s. 399 Z 
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